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PREFACE TO THE MOLLUSCA 


The general plan of classification adopted in this work is not 
that of any single authority. It has been thought better to 
adopt the views of recognised leading specialists in the various 
groups, and thus place before the reader the combined resiilts of 
recent investigation. This method may, perhaps, occasion a 
certain number of small discrepancies, but it is believed that the 
ultimate effect will be to the advantage of the student. 

The classification adopted for the recent Cephalopoda is that 
of Hoyle (‘ Challenger ’ Eeports, Zoology, vol. xvi.), for the fossil 
CephalojMxla (Nautiloidea) that of Foord {Catalogue of the Fossil 
Cephalopoda in the British Museum, 1888-91), and (Ammonoidea) 
P. Fischer {Manuel de Conchyliologie, 1887). In the Gasteropoda 
the outlines are those adopted by Pelseneer {M^m. Soc. Malaeol. 
Belg. xxvii 1894), while the details are derived, in the main, 
from P. Fischer. The Amphineura, however, have not been 
regarded as a separate class. The grouping of the Nudi- 
branchiata is that of Bergh (Semper, Beisen im Archipel der 
Fhilippinen, ii. 3). The Pelecypoda are classified according to 
Pelseneer’s most recent grouping. 

Acknowledgment of the principal sources of information has 
been made in footnotes, and a short list of leading authorities has 
been appended to the chapters on anatomy, for the use of 
students desirous to pursue the subject further. In the case of 
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geographical distribution the authorities are too numerous and 
scattered to admit of a list being given. 

A special word of thanks is due to Mr. Edwin Wilson for 
his patient care in preparing the illustrations, the majority of 
which are taken from specimens in the University Museum of 
Zoology. Mr. Edgar Smith, besides affording the kind help 
which visitors to the British Museum always experience at 
his hands, has permitted me to use many specimens for the 
purposes of illustration. 

A H. COOKK 


Eiho's Coixige, Cambridge. 
20IA December 1894. 
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CHAPTER I 

IMTKODUCnOH POSITION OF MOLLUBCA IN THE ANnCAL KIIIO< 

DOK — CLASSmOATION — OBIOIN OF LAND AND F^H-WATUt 
HOLLUSCA 

It is the genersUj accepted opinion among men of science that 
all life originated in the sea. Not that all parts of the sea are 
equally favonrable to the development of forms of life. The 
ocean sor&ce, with its entire absence of shelter or resting-place, 
and the deep sea, whose abysses are always dark and cold and 
changeless, offer little encouragement to plant or animal life, as 
an original starting-point. True, both the surface and the depths 
of the sea have become colonised by myriads of forms, Mollusca 
amongst them, but these quarters are in the truest sense colonised, 
for the ancestors of those who inhabit them in all prob^ility 
migrated from elsewhere. 

It was no doubt the littoral r^ion and the idudlow waters 
immediately below it, a region of changeable currents, of light 
and shade, of variation, within definite limits, of temperature 
and tide effects, which became the scene of the miginal develop- 
ment of plant life, in other words, of the food-supply which 
rendmed possible its colonisation by higher animala But the 
littoral region, besides the advantages of tenonqr which it t^fors 
to animal life, has also its drawbacks. The vitdence of the surf 
may beat its inhabitants in pieces, the retreat of the tide exposes 
them, not merely to innumerable enemies in the shape pre- 
datory birds and beasts, but also to a change in the (dmosphetie 
medium by which they are surrounded. Henqe, in all proba- 
bility, have arisen the various forms of adaptation which are 
oaki^ted to bring about the ‘survival of the fittest'; hmoe, to 
VOL, ui B ' 
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narrow our point of view to the Mollusca, the development of 
hard shells, or exoskeletons, hence the sand-burrowing, rock-boring, 
rock-clinging inoAincts of various genera and species.^ 

What was tlie primitive form of moUuscan life is little likely 
to be ever positively known, although, on grounds of comparative 
anatomy, something approaching to the archi-mollusc is often 
constructed, with more or less probability, by careful observera 
From one of the oldest known geological strata, the Cambrian, 
nearly four hundred species of Mollusca are known, which include 
representatives (rf nearly all the great Orders as they exist at the 
present day, and without the slightest sign of approximation to 
one another. With regard to the origin of the land and fresh- 
water Mollusca some definite conclusions can be arrived at, which 
will be given in their proper place. 

Scarcely any portion of the coast -line of the world is desti- 
tute of molluscan life, except in regions where extreme cold 
forbids its existence. Thus along the shores of Northern Asia 
there is nc proper littoral fauna, the constant influence of travel- 
ling ice sweeping it all away; animal life begins at about 
three fathoms. But in every coast region not positively hostile 
to existence Mollusca make their home. Each description of 
habitat has its own peculiar species, which there flourish best, 
and exist precariously, if at all, elsewhere. Thus the sandy 
waste of estuaries, the loose and shingly beaches, the slimy mud- 
flats beset with mangroves, the low stretches of jagged rock, 
and even the precipitous cliffs, from whose base the sea never 
recedes, have all their own special inhabitants. The same is 
true of the deep sea, and of the ocean surfaca And when we 
come to examine the land and fresh-water Mollusca, it is found 
not merely that some Mollusca are terrestrial and others fluvia- 
tile, but that certain species haunt the hills and others the 
valleys, some the recesses of woods and others the open meadow 
sides, some prefer the limestone rocks, others the sandy or clayey 
districts, some live only in stiU or gently moving waters, while 
others are never found except where the current is rapid and 
powerful. 

It is within the tropics that the Mollusca be<‘OM)e most num- 
erous, and assume their finest and quaintest foii! ^ A tropical 
beach, especially where there is a go^ tide-fall and considerable 

* See 6«pecU11y Moseley, Nahire, 1885, p. 417. 



I 


A TROPICAL BEACH 


3 


variety of etaticm, abounds in mollusoan life to an extent which 
must literally be seen to be believed. The beach at Panama, to 
select an instance &miliar to the Resent writer, is astonishin^y 
rich in species, which probably amount in all to several hundreds. 
This is due to the immense variety of habitat On the rodos 
at high-wator murk, and even above them, occur TrunMdella, 
Melamptu, LiUorina, and Siphonasria ; where a mangrove-swamp 
reidaces the rock, on the branches overhead are huge hiftorina; 
while three qiecies of Cerithidea crawl on the mud, and Cyrena 
and Area burrow into it Lower down, in the rock pools at 
lialf-tide mark are Cerithium, Punpwra, Omphaliv*, Anaehit 
(2 sp.), Nasaa, and several CrepidiUa. At low-water mark of 
ordinary tides, under stones half buried in clean sand, are Coeeum 
and Vitrinella ; under the blocks which rest on sdid rock are 
Oypraea (4 or 5 sp.), CaiUharut, more Anaehia, ColunibeUa (3 
sp. including the graceful C. harpi/ormiti), and Nitidttta. Where 
the blocks of rock are rather muddy. Conus lurks, and with it 
Turritella and Jkitirus. Where the rocks form a flat-topped 
platform 2 or 3 feet high, with here and there a deep crack, 
huge Chitons 3 inches long conceal themselves, with two species 
of Turho, Pwrpv/ra and Clavdla. At extreme low-water mark 
of spring tides, on the isolated rocks are Monoceros, Leueozonia, 
and Vermetua, in them are Fholas and a burrowing IfytUus, 
under them are more Conus, Ddium, and huge MUed Muriees. 
Patches of dean gravelly sand here produce Strombus; on 
the operculum of the great Sir. galea is sure to be a Crepidvla, 
exactly fitting its breadth. On the liquid mud -flats to the 
north glide about Margindla, Ndasa and Trunea/ria, in the dean 
sand-stretch to the west Olivella ploughs about by hundreds 
with several spedes of Natica, and TeUina and Donaas bury 
themselves deep, while farther down are Artemis, Chione, and, 
wlmre mud begins to mix with the sand, MytUus and more 
Area. Each of these spedes has its own habitat, often drcum- 
sccibed to a few squsae feet at the most, and it would be 
utterly nsdess to seek for it anywhere except in its own spedal’ 
domain. 

Equally abundant are the land Mollusca of the tropics. Prof. 
C. B. Adams relates that within the limits of a single paridi 
in Jamaica, named Manchester, which measurm no nune than 
four miles long and one mile broad, he obtained no fewer than 
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am hundred qpecuA lir. J. S. GiUbans, in a doicripticm at 
the Mollutns he obUined near St. Ann’e^ Cmaqae, gives a 
livdj jdetuie of tiieir abondanoe in an exoeptknalty &voured 
locality : — ^ 

“Neur the outskirts oS the town a waste fieoe of ground 
supplied me with oocupetiaii for aU the time I had to qMite. 
Ndtbw grass nmr water was to be seen, the only vegetation 
consisting of a few stunted cacti and still fewer acacis bndiea 
This, however, eras so rich in shells that of several species enough 
specimens could have been collected in a few yards to supply, 
I should suppose, all the shell cabinets in the world. . . . 
The stones, plwtsi, and ground were covered with Stnphia uva 
L., Tvdora mtgeuheila, P. and M., was in equal abundance, 
suspended by its silk-like thread frran acacia boughs, or strewed 
thickly on the ground un^rneath. A BaKmtdia {B. mvlti- 
lineatuB var. aisalen$i») abounded tm the smaller boughs, while 
under masses of coral Jtaeroeeramtu tnermts GundL, Pupa par- 
raiarva d’Orb, and P. ptUueida Pfr., were abundant. In the loose 
soil CylindreUa Bave«i Bland, Outmla JSawm Bland, and a curious 
Cionella were so numerous that a spade would have been the 
best instrument with which to collect tbena. I wasted a good 
deal of valuable time in separating them from the soil, when by 
simply taking away a few handfuls of mould, I might have 
obtained a larger number of speeimena A spemes of SUnogyra 
and a Suednea 0(»nplete a list, all of whkh might have b^ 
gathered from almost any square yard of ground tm the hillsida” 

PodtioB of MoUMca in the Airimai gngdom. — Up to 
very recent times it was usual to rq^ard the MoUusca as one 
of the four subdivisions of a great femily known as Malcusozoa, 
the subdivisions being (1) MoUusca, (2) Tnnicata, (3) Brachio- 
poda, (4) Polyzoa or Bryozoa. This dassification is still retained 
in the leading modem manual on the subjecL* The progress, 
however, of investigatum leads to the belief that the MoUusca 
are not so closely related to tiieae other groups as such a classi- 
fication would seem to im^y. The Tnnicata, for instance, 
appear, from the whole omrae their development, to occupy 

* Qumi. Journ. OamA. L p. 871. 

* Mamuel de Oemtki/IUbgl* << ^ F tU m U h gk OMkgUolegifut. Dr. P. Fiscbcr 
Pui*. 1887. 
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a position near to ^ Vertelnta. , Hie idations of tiw Brschio- 
podo and PolTSia will be non partieolarij refeired to in that 
part of thn Hutny idudi desk especially with those groiqia 
The position of the Mdlnsea m, in muiy lespeds* (me of con- 
siderable iaolatian. Anj atten^, therefore, definitely to rdate 
them to one group or another, ia, in all probability, to go further 
than the present state of onr knowled^ wairanta Espedally 
to be deprecated are systems of dassificatitm which confidently 
derive the Mdlosca in general from this m tliat groupi The 
first undi^nted traces of animal life, which appear in the 
Cunhrian epoch, exhibit the same phyletic distinctions as now 
exist Spcmges, Echinoderms, MoDusca, and Worms, formed 
already, in those immeasaiably remote ages, groups apparently 
as generally distinct from one another as they are at the present 
time. It would seem that any theoiy of development, which 
confidently teaches the derivatian of any one of these groups 
from any other, is, in tiie present sti^ of the evidence before us, 
hazardous in the extrema 

Some indications of reJationship, which must not be poshed 
too for, may be drawn ficmn a ccmsideration of embryonic re- 
semblance. An especial chaiactmistic of the Molluscs is the 
possessimi of a particular finm of larva, which occurs in one of 
the stages of develapment, known as the trodutepliere (see p. 130). 
This form of larva ia shored wfth two orders of Annelids, the 
Chaetopoda and the Gephyiea annata, uid, in all probability, 
with the Ptdyzoa as welL It may also be significant that the 
adult form in Botifeia bears a cIm resemblance to the trocho- 
sphere larva in those groiqia 

Basis of Olassifiicalion. — The MoUusca are divided into 
four great Orders — Oephalopoda, Qasteortqpoda, 8ca|thopoda, 
and PeleiTpoda.^ Eadi name, it will be noticed, bemn reference 
to the ‘ foot,' isL to the organ of motion which corresponds in 
function to the foot in the Yertcbrata. 

In the CefkaU/poda the feet, or, as they are more frequently 
termed, the ‘arms,’ are arranged symmetrically round the head 
mr mouth. The common forms of * cuttle-fish ’ (Odopv*, Zoligo) 
are familiar ftrampliw of Oephalopods. 

The Oaetenpoda crawl on tlie fiat under-surfitoe or ‘sole' 

* Kt^aXi, iMtd; •toiaadi; ccteTW, to dig; HKmi, u axa; 

wotit, a foot. 
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of (be foot. Snails, slugs, sea-hares, whelks, periwinldeB, and 
ooats-of-iDail or ehitons are examples of this Order. 

The Sea^kopoda possess a long tubular shell open at both 
ends ; with their small and elongated foot they are supposed to 
dig into the mud in which they live. The common Dentcdium. 
at tusk-shell of our coasts is a representative of this Order. 



Fio. 1. — ExftxnpleB of tiie four 
Orders : A, Cephalopoda ; 

GasteroiMMla ; C, S^pho 
poda, and D, Pelecypuda. 

A, Ornmaairephes aagiUatus 
Lam., Naples : a, a, arms 
surrounding the mouth ; /, 
funnel ; the two * teutacu- 
lar * arms, x |. B, Buccinum 
uTicbUumh.^ Britain: /, foot; 
pr, proboscis, x C, Den- 
talium entalia L., Norway : /, 
foot. D, Cardium Mongum 
Chen)., Naples : /, foot ; 5 , 
efferent or anal siphon ; a\ 
afferent or branchial siphon, 
xf 


The Pdecrypoda ^ are enclosed in a bivalve shell fastened by a 
muscular hinge, the adjacent part of the valves being generally 
more or less toothed ; the foot is as a rule roughly comparable 
to the shape of an axe-head. 

To these four Orders is frequently added a fifth, the Pterapoda, 
whose exact position is at present not absolutely settled. The 
Pteropoda ® are ' pelagic,' i.e. they live in the open waters of the 
ocean, rising to the surface at night, and sinking into cooler water 
by day. They are provided with a pair of wing-like appendages 

1 Also knowti as Cmt^i/eta and Aeapftaia, 

* TTagda, wing. 
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or ' feet,’ on each side of the head, bj means of which they ate 
enabled to swim. Some authorities regard the Pteropoda as a 
subdivision of Gasteropoda, others as forming a separate Order, 
of equivalent value to the other four. The question will be 
farther discussed below (see chap, xv.), but for the present it will 
be sufficient to state that the weight of evidence appears to 
show that the Pteropoda are modified Gasteropoda, with special 
adaptations to pelagic life, and are therefore not entitled to rank 
as a separate Order. 

Some writers conveniently group together the first three ot 
these Orders, the Cephalopoda, Gasteropoda, and Scaphopoda, 
under the title Qlossophora,^ or Mollusca furnished with a 
radula or ribbon-shaped ‘tongue,’ set with rovrs of teeth and 
situated in something of the nature of a head, as distinguished 
from the Aglossa (or Lipoeephala),* i.e. those Mollusca which 
have no radula and no head. To the latter keltmg only the 
fourth Order, the Pelecypoda This view postulates, for the 
primitive ancestral Mollusc, a body with a more or less developed 
head, and possibly the rudiments of an apparatus for grinding 
or triturating food. This form, it is held, either developed or 
degenerated. In the former case, in consequence of the more 
active mode of life upon which it may be supposed to have 
entered, it gave rise to all the more highly organised forms 
which are grouped under the three great Orders. When, on the 
other hand, the ancestlral form associated itself with an inactive 
or sedentary life, it was, we may believe, modified accordingly, 
and either lost by atrophy or failed to acquire those special 
points of organisation which characterise the highly-developed 
form. Hence the Pelecypoda, or bivalves, whose characteristic 
is the absence of any definite cephalic region or masticatory 
apparatus. It is a remarkable fact in support of this theory 
of the origin of the Aglossa that certain of their larvae are 
known to possess traces of higher organisation, e.y. an external 
mouth and eyes, the former of which becomes covered by the 
mantle lobes, while the latter disappear long before the adult 
stage is reached. 

’ yXOvga, tongue ; to oany. * to be wanting. 
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Thus we have 


MOLLUSCA 


Cqphakpoda Oaderopoda Bcapkopoda 


PeUqfpada 


Ola88iflcati0n of Gasteropoda. — The Oasteropoda are nu- 
mericallj very largely in excess of the two other Orders of the 
Gloesophora, far more complicated as regards classification, and 
contain a large proportion of those examples of the Mollusca 
which are most familiar to the ordinary observer. It will there- 
fore be convenient to postpone for the present a fuller discussion 
of the subdivisions of the Cephalopoda and Scaphopoda, as well 
as of the Aglossa, returning to them again in special chapters 
(chaps. xiiL and xvi.), and to devote a few introductory words to 
the classification and relations of the Gasteropoda. 

The Gasteropoda are divided into four Classes, Amphinttira, 
Prosobranehiata, Opisthobranchiata, and Fulmonata, 

(1) The Amphineura^ are bilaterally syimnetrical Mollusca, 




Fio. 8. — ^An example of the 
Aplacophora, Neommia oa- 
rinata Tullb. : a, anus ; pr, 
ventral groove ; m, month. 


Flo. 2. — An example of the 
Pdlyplaoophora : C9Ulon qnn- 
atfu Brag. 


i.e. with organs either single and. central, or paired and di spo se d 
on either side of the longer axis of the animal The shell, when 

* OB botb ride. ; rtSpor, nerve, vaatel. flomn aiithoritie. regud the 

Amphineura as a distinct Orrler. 
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present, is never spiral, but consists of eight overlapping plates, 
kept together by an elliptioal girdla The Amphineura are 
divided into (a) Folyplacophara} or Chitons, and (jb) Aplae^phcra 
(Chastoderma and Neomenia). 

(2) The PrMohranchicda < are so named from the fisct that 
the breathing organ (branchia or ctenidium is as a rule situated 
in front of the heart, the auricle at the same time being in iGront 
of the ventricla They are asymmetrical, almost always furnished 
with a shell, which is at some time spiral, and with an operculum. 
The sexes are separate. They are either marine animals, or 
can be shown to be more or less directly derived from genera 
which are marine. They are divided into (a) Diotoeardia^ 
{Haliotis, Fissurdla, Trochus, Nerita, Patella), which have, or 
whose immediate ancestors are believed to have had, two 
auricles to the heart, two sets of breathing organs, two kidneys, 
but no proboscis, penis, or 
siphon, and (b) Monoto- 
cardia,* in which the heart 
has only one auricle, the 
true breathing organ is 
single, and there is a single 
kidney. To this division 
belong the great majority 
of marine univalve Mol- 
lusca, e.ff. Cypraea, Bucci- 
num, Marex, Littorina, 
lanthina, all the land and 
fresh - water operculates 
{Cyclostoma, Mdania, Pa- 
Ivdina, etc.), as well as the JTeteropoda, which are a group of 
Prosobranchiata which have betaken themselves to a pelagic life. 

(3) In the Opisthohramchiata^ the breathing organs (when 
pre^nt) are behind the heart, and the auricle of the heart is 
consequently behind the ventricle. They are asymmetrical 
marine animals; usually, but by no means always, without a 
shell, scarcely ever with an operculum in the adult state. The 

* wqK(h, laany ; wXAl, plate. 

- in front Often alluded to in the aequel as ‘ opercnlate Gasten^xida.’ 

» Kwltiw, a little comb. * Cvw, two *, fi4roi, single ; i&ra, auricles ; Hoait. 

SwurSeif, behind. 



Fig. 4. — ^Example of a Heteropod, Carinana 
mediterrarua Lam., Naples : a, anus ; br, 
branchia ; /, foot ; i, intestine ; fii, month ; 
p, pmis ; s, sucker ; sA, sheU ; t, tentacles. 
X The animal swims foot uppermost 
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sexes are united in the same individual. The Opisthohrafuihiaia 
fall into two divisions : {a) Teetihranchiata, in which the breathing 
oi^n is more or less covered by the mantle, and a shell is 
usually present, which is sometimes rudimentary, 




Pio. 6. — iu A Tectibran- 
chiate Opisthobrauch, 
Umbrella medUerra- 
nea Lain,, Naples: a, 
anus ; 6r, braiiehia ; /, 
foot ; mouth ; rA, 
rhiuophorett ; ahelL 

B, A Pteropod, Hya- 
Utea tridentata Forsk., 
Naples : ah, shell ; I, /, 
swiiumtog lobes of foot. 

C, A Nndibranchi- 
ate Opisthobraiich, Je- 
oiia peregrina, Naples; 
/, foot ; c, cerata. 


Aplysia, Umbrella, and the whole group of Pteropoda ; (h) Nudi- 
branchiata, or sea slugs, which have no shell and no true 
ctenidia, but breathe either by the skin, or by ‘cerata' or 
papilliform organs prominently developed on the back : e.g. 
Doris, Aeolis, Dendronotns. 

(4) The Pulmoiuxta^ are asymmetrical air-breathing non- 





Flo. 6. — Examples of — A, Piilmonata Basommatophora, the common timnaea 
peregra Mtill. : e, eyes; i, i, taitacles. Pulmonata Stylommatopbora, 
Helw hortenaia Miill. : e, e, eyes ; I, t, tentacles ; p, o, pulmonary orifice (the 
position of the pulmonary orifice in Limnaea will be seen by reference to 
Fig. 101). 

marine MoUusca, generally, but not always, furnished with a 
shell. The sexes are always united in the same individual, and 
the operculum is always wanting, except in Amphiholou They 


^ Ihilmn, a lung. 
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axe conveiiieiitly divided into Stylonmaiophora.} in which the 
eyes are at the tip of tha uf^)er tentadea, which are retractile 
{Hdiat, lAmax, BtUimus, and all true land sli^ and anails), and 
Sasommatophora, in which the eyes are at the base cf the 
tentadea, which are not retractile {Limnaea, HanorHt, Pkyaa, 
and all the Aurtcvlidae). 

Thus we have 


Oaataropoda 


ProMibrarMOa {M^ZSdia (mcL Heteropoda) 

OpulhobraiiMata {^1 

P^dnumata /Stylomm^phora 

( Baeommatoplioia 


The relation of the four great Orders to one another will be 
better discussed when we come to deal with each Order 
separately. The problem of the origin and mutual relationship 
of the various forms of moUuscan life is of extreme subtlety, and 
its solution can only be approached after a compreheDsive 
survey of many complicated anatomical details. But there is 
one branch of the Mollusca — the land and fresh-water genera — 
whose origin is, comparatively speaking, of recent date, and 
whose relationships are therefore less likely to have suffered 
complete obliteration. 

Origin of the Land and Fresh-water Mollnsca. — The 

ultimate derivation of the whole of the land and fresh-water 
molluscan fauna must, as has already been remarked, be looked 
for in the sea. In certain cases the process of conversion, 
if it may be so termed, from a marine to a non-marine genus, 
is still in progress, and can be definitely observed ; in others 
the conversion is complete, but the modification of form has 
been so slight, or the date of its occurrence so recent, that 
the connexion is unmistakable, or at least highly probable; 
in others again, the modification has been so great, or the 
date of its occurrence so remote, that the actual line of deriva- 
tion is obscured or at best only conjectural 

This passage from a marine to a non-murine life — in other 


^ pilUr ; eyes. 

’ The A909fflo89a are dealt with below (chap. xv.)» 
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words^ this direet derivation of non*marine from marine genera 
— is illustrated by the faunal phenomena of an inland brackisli- 
water sea like the Caspian, which is known to have been 
originally in connexion with the Mediterranean, and therefore 
originally supported a marine faima. The Mollusca of the 
Caspian, although without exception brackish- or fresh-water 
species, are in their general facies distinctly marine. Of the 26 
univalve species which inhabit it 19 belong to 4 peculiar genera 
(Mtcromelania, Caspia, Clessinia, Nematurella), all of which are 

modified forms of the marine 
Jiissoidae, The character- 
istic bivalves belong to the 
genera Adacna, Dida^^na, 
and Mbnodacna, all of 
which can be shown to be 
derived from the common 
Cardium edule. We have 
here a case where complete 
isolation from the sea, 
combined no doubt with 
a gradual freshening of the 
water, has resulted in the 
development of a numlx‘r 
of new genera. The singu- 
larly marine facies of several 
of the fresli-water generji 
now inhabiting Lake Tanganyika, has given rise to the belief, 
among some authorities, that that lake was at one time an 
inlet of the Indian Ocean: In the upper waters of the Baltic, 
marine and fresh-water Mollusca flourish side by side. So 
complete is the intermixture, that an observer who had lived 
on no other shores would probably he unable to separate the 
one set of species from the other.^ Thus between Bragb and 
Papenwick^ Mytilus edviis, Cardium eduhy Tellina halthMUj 
Mya areimria, TAttoriria rudis, and Hydrohia halthiea are the 
only true marine species ; with these live Unio, Cyclas^ Neritina, 
Limuma, and Bithynia, The marine species and Neritina live 

* Beiulaiit, by veiy gnultially changing the water, accitatomed marine sjtccicfi to 
live in fnnth, and frcaii-water tf» live in wdt watei*. 

Hratin, Arrh» f, XnlnH\ hiv. (2), x. ii. 102 f. 



Pig. 7. — A the common cockle {Cardium 
edule L.). B, Adacna plioata Eichw., 
Caspian Sea. CS^ Didacna irigonoides 
Pall., Caspian Sea. 
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do¥m to 15-20 fath., the rest only down to 3 fath. Under stcmes 
close to the shore of the Skiirgard at Stockholm ^ are found young 
Cardium and Tdlina, and at 3 to 6 fath. Limnaea pertgra, and 
Physa fontiTudis. Near Gothland Limnaea is found in the open 
sea at 8-12 fath., and with it occur Cardium and Tellina. At 
the Frisches Haff^ My a arenaria is the only marine species, 
and lives in company with 6 sp. Limnaea, 1 Phyea, 9 Plamrbu, 
1 Ancylvs, 4 Valvata, 2 Sphaerium, Were the Sound to become 
closed, and the waters of the Baltic perfectly fresh, it would 
be inevitable that My a arenaria, and such other marine species 
as continued to live under their changed conditions, should in 
course of time submit to modifications similar in kind to those 
experienced by the quondam marine species of the Caspiam 

It seems probable, however, that the origin, at least in 
a great part, of the land and fresh -water Mollusca need not 
be accounted for by such involuntary changes of environment 
as the enclosure of arms of the sea, or the possible drying 
up of inland lakes. These cases may be taken as illustrations 
of the much more gradual processes of nature by which the 
land and fresh -water fauna must have been developed. The 
ancestry of that fauna must be looked for, as far as the 
Gasteropoda are concerned, in the littoral and estuarine species ; 
for the Pelecypoda, in the estuarine alone. The effect of the 
recess of the tide, in the one case, and the eflFect of the reduced 
percentage of salt, in the other, has tended to produce a gradual 
adaptation to new surroundings, an adaptation which becomes 
more and more perfect. It may be safely asserted that no 
marine species could pass into a land or fresh -water species 
except after a period, more or less prolonged, of littoral or 
estuarine existence. Thus we find no land or fresh -water 
species exhibiting relationships with such deep-sea genera 
as the Volutidas, Cancellariidae, Terehridae, or even with genera 
trenching on the lowest part of the littoral zone, such as the 
Haliotidae, Conidae, Olividae, Capulidae, The signs of connexion 
are rather with the Neritidae, Cerithiideie, and above all the 
Littorinidae, which are accustomed to live for hours, and in the 
case of LittoriTui for days or even weeks^ without being moistened 
by the tide. Similarly the fresh -water Pelecypoda exhibit re- 

* Lindstnim, 0^. K. Vet. FSrh. Stoelch., 1855, p. 49. 

• Msndthsl, IMir. Gi$. mnigO,, xxz. p. 27. 
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lationshipB, not with genera exclusively niarine, but with genera 
known to inhabit estuaries, such as the Mytilidm, CorhuHdae, 
Cardiidae. 

It would be natural to expect that we should find this 
process of conversion still going on, and that we should be 
able to detect particular species or groups of species in process 
of emigration from sea to land, or from sea to fresh water. 
Such species will be intermediate between a marine and a 
land or fresh -water species, and difficult to classify distinctly 
as one or the other. Cases of Mollusca occupying this interme- 
diate position occur all over the world. They inhabit brackish 
swamps, damp places at high-water mark, and rocks only at 
intervals visited by the tide. Such are Fotamides, Assiminea, 
Siphonaria, Mdampus, Ifydrobia, Trumatella, among the uni- 
valves, and many species of CyrenoL and Area among the 
bivalvea 


Origin of the Fresh-water Fauna 

(a) Pelecypoda. — Estuarine species, which liave iK^come 
accustomed to a certain admixture of fresh water, have grail ually 
ascended the streams or lieen cut off from the sea, and have at 
last become habituated to water which is perfectly fresh. 



Fiq. 8. — ii, The common MytiLua edulU 
L., a marine genus and species. B, 
J)reiMeim4i, a fresh- water genus, closely 
allied to MytUua. 



A B 


Fi«. 9. — A, Area navuidla Reeve, 
Philippines, a marine speisies. B, 
Area (Scaphula) pinna Bens., B. 
Tenaaserim, a fresh - water species 
which lives many miles above the 
tide- way. 


Thus DreiMenna (rivers and canals througl^out N. Europe 
and N. America) and Mytilopsis (rivers of America) are 
scarcely modified MytUi (Fig. 8) ; Soaphvla is a modified Area, 
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and lives in the Ganges, the Jumna, and the Tenasserim at 
a distance of 1600 miles from the sea (Fig. 9). Fholas rivieda 
is found imbedded in floating wood on the K Pantai manj 
miles from its mouth. Cyrena, CorUevla, and probably Sphaerium 
and Pisidium are derived, in different degrees of removal, from 
the exclusively marine VeTveridde ; Potaimmya (rivers of S. 
America), and Himella (R. Amazon) are forms of CorhUib. 
The Caspian genera derived from Cardium (Adactia, Didacna, 
Monoddcna), have already been referred to, Nausitora is a 
form of Teredo, which lives in fresh water in Bengal. Bangia, 
Fisclieria, and Galatea probably share the lerivation of the 
Cyrenidae, while in Iphigenia we have one of the Donacidae 
which has not yet mounted rivers, but is confined to a strictly 
estuarine life. The familiar Scrohicvlaria piperata of our own 
estuaries is a Tellina, which lives by preference in brackish 
water. 

The great fiimily of the Unionidae is regarded by Neumayr * 
as derived from Trigonia, the points of 
similarity being the development of a 
nacreous shell, the presence of a strong 
epidermis, and the arrangement of the 
musculai scars. It is remarkable, too, 
that on many Uniones of Pliocene times ' 
there is found shell ornamentation of such 
a type as occurs elsewhere among the 
Pelecypoda only on Trigonia, 

The genera of fresh-water Pelecypoda 
are comparatively few in number, and Fio. 10. — pee- 

their origin is far more clearly discernible * Sydney, 

than that of any other group. This is 

perhai)S due to the fact that the essential changes of structure 
required to convert a marine into a fresh-water bivalve are but 
slight. Both animals “ breathe water,” and botli obtain their 
nutriment from matter contained in water. Similai* lemarks 
apply to fresh-water operculate Gasteropoda, But the passage 
from a marine to an aerial life involves much profounder changes 
of environment, which have to be met by correspondingly im- 
portant changes in the organism. This may be in part the 

^ SB. K. Akad, Wm. Wien, 1889, p. 4, but the view is not univonally 
accepted. 
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reaaoQ whj the Anoestiy of all Pulmonata, whether land'or fireeh- 
water, is so diffieolt to trace. 

(A) Qttrtemq^oda. — (1) Operevlate. Canidia ami. CUa are 
closely^ allied, with but little modification, to 
/1W marine Comindla^ (Fig. 11), as is also 

Neusodonta to Nomo. They occur (in fresh 
water) in the rivers of India, Indo-China, Java, 
and ^meo, associated with essentially Iresh- 
JPP' water speciea Potamida, with its various 

Bul^nera (Tdeacopium, PyraxM, Pirendla, 

tvi.lU—k,Oomii»Ma. „ * . , 1 ^ u , u - v u vm. i 

amarinegeniiBtWiikh CtT%thide<ifQ\c,\BXi of which inhabit Bwainps and 

Utw between tide mudflats juBt above high-water mark in all Warm 
end ntMn . , . xv • » • /-r^* /w 

which is probably countries, are derived from (Fig. 12); 

deriTed B, C&o, a Hydrohia, and perhaps Trunaatdla^ 

wat^ from Hissoa, It is a remarkable fact that in 
Geomelania (with its subgenera Chittya and 
Mandiella) we have a form of Truncatdla which has entirely 



Fio. 12. — CerUhium eUumna Sowb. (marine). B, Potamidea mioropUra Kien. 
(brackish water). C, Jo aptnoaa Lea, one of the PUuroceridae (fresh water). 

deserted the neighbourhood of the sea, and lives in woody 
mountainous localities in certain of the West ^Indiea CVemno- 
conehiis, a remarkable shell occurring only on wet cUfifs in the 
gh&ts of southern India, is a modified Littorirux^ Neritirui and 
Nerita form a very interesting case in illustration of the whole 
process. Nerita is a purely marine genus, occurring on rocks in 
the littoral zone ; one species however {K linsata, Cfaem.) ascends 

^ Hot to UasBOt as has been generally hold. The shape of the operculum, and 
partioularly the teeth of the raJula, show a much closer connexion with Ceminella, 
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liyem .M fiir m 25 nuleB fi»m thcar maath, aad otlicm hawk 
maishm ,of faneld^ UtriHmi is the fiesA-wsttr fiam, 

some spedes of sdiidi am found in faiadckh smiapi s* em 
cteqnag on wd mud bdmesn tide marks, sAile the g^est 
majority are fiuviirtile, one group (NtritoirfaM) attnuiSj 
in the Philip^mm on trees ci some height, at a dfstance sf a 
quartm of a mile firom any water. Seariedta is a stOl finther 
modified form aS NerMna, oocuning only on wet rochi^ tirsBriiiiii. 
eta, in non-tidal streams (Fig. 13). 



Fio. 13. — niuBtratiiig the deFelopmeni of tho fredh-nater gem — an ^ ^ 

breckish-weter NenUna^ fttmi the nMiiiie NeriiA^ with co wiqwHwii iy rh o ii g ii i !■ the 
operonlimLi 1. NerUa; 2, 3. NeriUma.; 4. Ntriium^ iatiiraieiliete fom; 5» CL 
Namodla, 

The great family of the Melaniidae, which ocean in Uie 
rivers of warm countries all over the world, and that the 
rieuroceiidae, which is confined to North America^ are, in all 
probability, derived from some form or forms of CerUhium. The 
origin of the Faludinidae, Yalvatidae, and AmpuUarudae is more 
doubtful Their migration from the sea was probably of an 
early date, since the first traces of all three appear in the lower 
Cretaceous, while Melamidae are not known until Tertiaiy timesL 
Ampullaria, however, shows distinct signs of relationritip to 
Ifatiea^ wliile the affinities of Paludina and Valvaia cannot as 
yet be approximately aflinned. 

(2) J\dmonata. — ^Intermediate between the easentudly fipesh- 
water and tlie essentially marine species emne tlie grenp some- 
times known as Gehydrophila, ccmsistliig of the two fimiilieB 
Auriciilidae and Otinidae. These may be r^inded as Mrdlnsca 
which, though definitely removed from all marine speeies by the 
development t»f a true lung or lung cavity in place of a gfll, 
YOU III 



1 8 intermediate forms chap. 

have yet nev^ become, in respect of habitat, genuine fresh- 
water species. Like Potamides, they haunt salt marshes, man- 
grove swamps, and the region 
about high-water mark In some 
cases {Otina, Melampiis, Pedipes) 
they live on rocks which are 
moistened, or even bathed by the 
spray, in others {Cassidula, Anri- 
cvia) they are immersed in some 
depth of brackish water at high 
tide, in others again {Scarahua) 
they are more definitely terres- 
trial, and live under dead leaves 
in woods at some little distance 
from water. Indeed one genus of 
A, Auricula Juda/i Lam., Borneo ; diminutive size (Cwrychium) has 

ludiffl ; c, Camdvia tauudina Completely abandoned the neigh- 

Deah., N. Ze^iid ; x>, Mdamjw bourhood of the sea, and inhabits 
castaneus Mtihlf., S. Pacific; E, i i „ 

Psdipes ^uadridens P(r„ Jamaica. swainpy ground almost all over 

the world. 

To this same section Gehydrophila have been assigned two 
remarkable forms of air-breathing “limpet,” Siphonaria and 
Gadinia (see page 151), and the aberrant Amphibola, a unique 
instance of a true operculated pulmonate. Sipho- 
naria possesses a pulmonary cavity as well as 
a gill, while Gadinia and Amphibola are ex- 
clusively air-breathing. Siphonaria lives on 
rocks at or above high-water mark, Gadinia 
between tide marks, Amphibola (Fig. 15) in 
brackish water at the estuaries of rivers, half example 

buried in the sand. There am he little doul)t of Amphibola (at>- 

that all these are marine forms wliich are Chem.), tiie 

, ^ , only true Pulmo- 

gradually becoming accustomed to a terrestrial nate which pos- 

existence. In Gadinia and Amphibola the pro- oi>ereu. 

cess is so far complete that they have ex- 
changed gills for a pnlmonary cavity, while in Siphonaria 
we have an intermediate stage in which Iwth organs exist 
together. A curious parallel to this is found in the case of 
AmpvUaria, which is furnislied with two gills and a pulmonary 
chamber, and Jamthes indifferently air and water. It is a littlt! 




Fig. 14. — Examplen of the Aurteulidae: 
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remarkable that Siphonaria, which lives at a higher tide level 
than Oadinia, should retam the gill» while Gadima has lost it. 

Die ultimate affinities of the essentially fresh^water groups^ 
Limnaea^ Phym, ChiliTui, cannot be precisely affirmed The form 
of shell in Latia, Ov^nMoAhia, and perhaps Aneylwt, may suggest 
to some a connexion with the Otinidae, and in ChUina, a similar 
connexion with the Auriculidae. But, in a question of deriva- 
tion, similarities of shell alone are of little value. It is not a 
little remarkable, for instance, that we should find a simple patelli- 
form shell in genera so completely distinct from one another in all 
anatomical essentials as Ancylus, Patella, SipJionaria, PrapUidiwm, 
ffipponyx, Cocculina, and Umbrella. 

Some recent authors, on grounds of general organisation, 
regard the Limnaeidae and their aUies as Opisthobranchs 
adapted to an aerial life. It is held ^ that the Nudibranchiate 
Opisthobranchs have given birth to the Pulmonata Stylommato- 
phora or land sruiih, and the Tectibranchiate Opisthobranchs to 
the Pulmonata Basommatophora or fresh-water aruiils. Such a 
view seems at first sight open to some objection firom other views 
than those which deal simply with anatomy. The Oputho^ 
hranchiata are not, to any marked extent, littoral genera, nor do 
they specially haunt the mouths of rivers. On the contrary, 
they inhabit, as a rule, only the very lowest part of the littoral 
zone, and are seldom found, except where the water is purely 
salt. In other cases, when the derivation of land or fresh-water 
genera is fairly well established, intermediate forms persist, 
which indicate, with more or less clearness, the lines along which 
modification has proceeded. It has, however, recently been 
shown that Siphonaria ^ and Oadinia? which have, as has been 
already mentioned, hitherto been classified as Pulmonata, are in 
reality modified forms of Opisthobranchiata, which are in process 
of adaptation to a life partly marine, portly on land. They may 
therefore be regarded as supplying the link, hitherto missing, 
between the land Pulmonata and the marine groups from one or 
other of which the latter must have been derived. The general 
consensus of recent opinion inclines towards accepting these 
views, some writers ^ being content to regard the Pidmonata, us 

^ E.g. Bauvier, Le Ncutxiral. 1889, p. 242. 

^ KbliUr, Zool. Jiihrh. viL 1893, p. 1 f ; Haller, Ath. ZooL Inst Wien, x. p. 71. 

* Plate, SB. ken. l^euss. Ak. Wide. Bed. 1893, p. 959. 

^ £.g. Pelseneer, BM. Sc. Ft-ance Bdg. xxiv. p. 347 1, 




20 


omOlN OF tANB OPfiRCULATES 


CIIAI^ 


a whole, ae derii^ firom the TeetihiiyMdii^ OpisIlioIttaiidiB^ 
while others ^ go farther and regard the Stylomnaliiphim as 
derived directly from the BasommatophoanL 

Origin ot tiie Land Itema 

Oasteropoda.'^l) Opereulaie. On a prwri gmand^ one 
might predict a double origin for land op^olatea Marine 
species might be imagined to accustom themselves to a terres- 
trial existence, after a period, more or less prolonged, of littcnl 
probation. Or again, fresh-water species, themselves ultimately 
derived from the sea, might submit to a similar transfonnation, 
after a preliminary or intermediate stage of life on mudbanln^, 
wet swamps, branches overhanging the water, etc. Two great 
families in this group, and two only, seem to have undergone 
these transformations, the Littorinidae and the Nmtidae. The 
derivation of almost all existing hmd operculates may be referred 
to one or other of these groups. 



Fxa. 16. — Two rows of the radaU of LiUarina liUona JL, x 72. 

The power of the Littorinidae to live for days or even weeks 
without being moistened by the sea may be verified by the most 
casual observer. In the tropics this power seems even greater 
than on our own shores. I have seen, in various parts of 
Jamaica, Littorina muricaia living at the top of low clifls amrnig 
grass and herbage. At Panama 1 have taken three large speeieB 
of lAttori'm {varia^ fasciata, jnUchra), on trees at and above 
high-water mark. Cases have been recorded in which a number 
of Z. muricata, collected and put aside, liave lived for three 
months, and L, irrorata for four montha^ These facts are 
significant, when we know that the land operculateB almost 
certainly originated in a tropical climate. 

^ Kg, Bergh, Jahrb. r. p. 1 f. 

^ Calkins, Amer, KaL xL p. 6S7. 
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Hw Oy^iop h o ri dae, pyckMtouaVidae, and Aoiculidae, which, 
as ooattaiAed wit& 1ik» other land qperculates, form one group, 
haws vetj doae nlafeiona, particalariy in the length and formation 
at the xaidala, or lii^aal ribbon, with the littorinidae. 



Fiq. 17. — ^T«o lowB of the ndaU of C}fdopkoru9 ap,, India, x 40. 


On tbe other hand« the Helicinidae, Hydrocenidae, and 
Prpserpmidae are equally closely related to Iferitifia. The 
Proserpinidae (restricted to the Greater Antilles, Central America 
and Yeneznela) may perhaps be regarded as the ultimate term 
of the aeriea They have lost the characteristic operculum, 
which in their case is replaced by a number of folds or lamellae 
in the interior of the shell It has already been noticed how 
one group of Neritina {Neritodryas) occurs normally out of the 
water. This group furnishes a link between the fresh-water and 
land forma It is interesting to notice that here we have the 
most perfect sequence of derivatives; Nerita in tbe main a 



Fia 18.— A* Neritima raiimUtna Sowb., Cblcntta (brackish water) ; B, Helieina 
meriMm Lam., Jamaina (laud) ; Ct Proserpina (Ores) eolina Duel., Central America 
(ISiid). 


puidy marine form, with certain species occurring also in 
bmcldsh water; Neritina in the main fresh -water, but some 
species occurring on the muddy shore, others on dry land ; 
ffdidna the devel<q)ed land form; and finally Proserpina, an 
aberrant derivative which has lost the operculum.^ 

^ One step even tether (or perhaps it should be termed a brnneh derivative) is 
is the genus which is probably a Neritim which has resumed a 

pudy marina habit of life. 
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QftBtnopoda.~-(2) Pulmonaia. The origin of these, the 
bulk of the land &una, must at present be regarded as a problem 
not jet finallj solved. Some authorities, as we have seen, regard 
them as derived from the Nudibranchiate, others, probablj more 
correctly, from the Tectibranchiate Opisthobranchs. 

The first known members of the land Pulmonata {Pv^\T\, 
Hyalinia) are from the Carboniferous of North America. Similar 
but new forms appear in the Cretaceous, firom which time to the 
present we have an unbroken series The characteristically 
modem forms, according to Siniroth,^ are Helices with thick 
shells According to the same author, Vitrina and Hyalinia 
are ancestral types, which give origin not only to many modem 
genera with shells, but to many shell-less genera also, e.g. Testa- 
ceUa is probably derived through Davdehardia from Hycdima, 
while from Vitrina came Limax and Amalia. A consideration 
of the radulae of the genera concerned certainly tends in favour 
of these views 

Godwin -Austen, speaking generally, considers* genera of 
land Pulmonata with strongly developed mantle-lobes and rudi- 
mentary shell as more advanced in development than genera 
in which the shell is large and covers all or nearly all the 
animal. 


’ SB. NtUuif. GeselL Leipz. 1886-87, pp. 40-48. 
L. and F. W. Moll. India, iv. p. 167. 



CHAPTER II 


LAND AND FRKSH-WATEB M0LLU8CA, THEIB HABITS 
AND GENERAL ECONOMY 

The majority of the Land Mollusca are pTobably more sensitive 
than is usually believed. The humidity of the air must affect 
the surface of their skin to a considerable extent. Every one 
has noticed how the snails ‘come out’ on a damp evening, 
especially after rain. As a rule, they wait till rain is over, 
probably objecting to the patter of the drops upon their delicate 
tentaclea Snails kept in captivity under a bell-glass are acutely 
sensitive of a damp atmosphere, and will bestir themselves after 
rain just as if they were in the open air. Certain Helices which 
are accustomed to live in moist places, will find their way to 
water, if removed from their usual haunts. A case is recorded ^ 
of a specimen of H. arhustorum, kept in a kitchen, which used 
to find its way directly under the cold water tap, and appeared 
to enjoy the luxury of a douche. How delicately the conditioim 
of life are balanced in some of these creatures is seen in the case 
of Omalonyx, a genus akin to Succinea, which is found in Brazil 
and the northern parts of South America. It lives creeping on 
plants which overhang the margin of water, but perishes equally, 
.if placed in the water itself, or removed to a distance from it for 
any length of time.® 

Endurance of Heat and Odd. — The Mollusca are capaMe, 
at least as far as some species are concerned, of enduring severe 
extremes both of cold and heat. The most northern pulmonate 
yet observed is a &esh-water species, Fhy$a (Aplecta) hypnorum L 
This hardy mollusc, whose shell is so fragile as to need most 
careful handling, has been noticed on the peninsula of Taimyr, 

^ T. Scott, Joun, of Qomek. v. p, 230. * J. 8. Gibbons, HM. ii. p. ISR 
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NaEA SHicm, in 73” SO' N. hA., a ngion whose meea-anniHd 
tanpantan is Miyir 10* F. with a lai^ of fiom 40* F.- ib ivfy 
to— 30* F. in Jantoix. 

It ii well known toat the Timfiaftidaft, and jHobablx taoet 
froth-water MollBoea of anb-toi^erate regions, can eontinae to 
live not marefy wader, bat enveloped in ioe, and tbsiaael'ras 
fr oaen hard. Gander relates^ that, daring the winter of 1829- 
30, aosne huge lAmmata marie^daria, whidi had been plaoed in a 
snail bann, were froaen into a solid mass, experiencing a ebld 
of — 2* F. He siqppoaed they wme dbad, bat, to his sozpriae, 
vriien the haein thawed, the Tjmnaea gfadttally revived. Faludina 
vMfmrm and .dneiiMito tuutiima have been known to resist a 
tomperatare oS 23* F., and the former has {wodooed yoong shottiy 
after being thawed oat of the ioe.* As &r north as Bodb in 
Korway (67* 37' K. lat, wdl within the Arctic circle) there 
are fbinid no lese than frarteen species of terrestrial MoUosca, 
Mixing than being BaUa jiervena and CUuttilia ntgota? 

FUrima is one of onr most hardy molluscs, and may be 
observed crairiing cm bright mornings over the freet-oovered 
leaves of a wood or copse. F. ytoetaiu is said by Gharp^tier 
to live in the Alps at a height where the (tones are covert with 
wiow frmn nine to ten months of the year. Many of the Hyalimae 
are very hardy. Arion, in ^te of having no external shell to 
protect it, u apparently leas affected by the cold than Edim, and 
does not wnnwmnft faibematum till a lat» period in the automn. 
The operealate land MoUnsca, in spite of the {soteetion which 
their opetcalam may be supposed to afford, are exceedingly 
senoitive to oidd, and the whde groop is without doubt a product 
of troi^eal or semi-trcq^cal regions (see map at frontispiece). A 
apeeies of BdAdma whidt inhdiits the southon States of North 
Amariea has bemi known to be almost exterminated from certain 
distciets by the oommenoe of an annsually sevme winter. 

One of the highest altitnto at which a land shell fe knovm 
to live appears to be the liti Pass (Himalayas, 14,000 ft). At 
tlria enormocB altitade, two epedes of BuUmima {arcvittitu Hutt 
and mrieUm, Bean.) live <« juniper bashes among patches of 
snow. An Anodeawa is said to have bemi frrand in a umilar 

> AA Ste. Ltm. Mmd, Abberilla, 1840, p. ISO. 

* Cbmglm Mmiut, 1843^ p. 460; oempam W. A. Oahi, SUma 
nfa.p.U8. *T<wllMtMiaA0. iVULA. AMlSStp. 84. 
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locality 15,000 ft, while Lvmmea JGwbrt bui been taken 
finm over 16,400 tb. in Landed. In the Andes of Pent and 
BdUvu, five ^ecks of Bulimulut, one of and one of £imm 
oooor at an devotion of 10,500 to 15,000 ft. Several fireeh- 
wdw HoUaaca inhalnt Lake Titicaica, which atuids at a height 
of 12,550 ft in the Bdiviaa taUe-land. 

In oertain parts of the desert oi Algeria, where there ia not 
a trace of v^etation to be seen, and the temperature at midday 
is 110” F., the ground is sometimes so oovmed with JSieliz laetea 
as to ai^ear pnftctly white. Dr. F. H. H. Quillonaid has told 
me diat he ndioed, in somewhat similar snnoundii^ between 
Fez and Tangier, H. pitana in such extr a o r d inary abundance 
that they hung from the low scrub in bunches the size of a man’s 
two fista It is singular that Mollusca should live, and not 
only live, but flourish, in localities apparently so unpromising. 
Shells which occur in the Algerian Sahara are actually larger 
and altogether finer than the ordinary European form of the same 
speciea In order to protect themselves to some extent againat 
the socHohing heat and consequent evaporation, desert species 
are frequently modified in one of two ways ; the shell becomes 
either white or a light dusky brown, as in the familiar Sidis 
desertonm, or else it gains immensely in thicknesa Specimens 
of If. pomatia, recently procured from Fez, are of extraordinary 
thickness as compared with forms from our own chalk downs of 
Kent and Surrey. 

Fresh -water Mollusca are frequently found inhabiting hot 
springa Thus Neritina fluvioHlit lives at Bagndes d^ Biginre 
in water at about 68” F. In another hot qiring in the eastern 
Pyrenees a BUhynia lives at a temperature of over 73° F. ; while 
Blainville mentions another case of a Bithynia ^xna^ in water 
at F. 

HibeniaMon and Aesthratiim. — ^As autumn begins to draw 
on, and the first frosts to nip vegetation, terrestrial qiecies reture 
beneath stimes, into cracks in old wallef, holes in tree trunks, 
deep fissures in rocks, and nooks and crannies of every kind, 
or else bury thmnselves deeply in the earth or in moss and 
heaps of leavea Thqr thus omnmenee their pmiod of Atbemo- 
tion, which varies in Iraigth according to the duration of winter. 
Frequently masses of Helioes may be found attached to ime 
another, probably not so miKsh for the sake of warmth, for their 
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temperature is b|tt low, as to share the comforts of a 
retreat in common. Slugs generally hibernate alone, excavating 
a sort of nest in the earth, in which they encyst themselves, 
contracting their bodies until they are almost round, and secret- 
ing a covering of their own slime. The Helices usually close 
up the mouth of their shell by the formation of a membranous 
or chalky epiphragm, which will be further described below. 
Both snails and slugs take care to be in good condition at the 
time their winter deep begins, and for this reason the former 
are said to be most esteemed by foreign epicures if captured just 
at this period.^ 

During hibernation, the action of the heart in land Pulmonata 
ceases almost entirely. This appears to be directly due to the 
effect of cold. Mr. C. Ashford has related^ some interesting 
experiments made upon H. hortensis and SyaL cellaria, with the 
view of ascertaining the effect of cold upon their pulsationa 
His observations may be tabulated as follows : — 


Ntunber of pulaationa per minute. 


Sdix hoftnuU, 
22 
14 
10 
4 


SycU. oellaHa, 
21 
12 
11 
9 


At degreee Fahr. 

52 * 

44* 

38* 

30* 


At low temperatures the character, as well as the number of 
the pulsations changed ; they became imperfect and intermittent, 
although exceptionally at 31 ® F. a jET. rufescens gave live or six 
pulsations a minute, very full and deliberate. The result of 
taking the Syalinia suddenly into the heat of a greenhouse 
was to bring on palpitations. Further experiments resulted in 
evidence of a similar kind. HyaL radiatula, placed upon a deal 
table in a room, showed 52 pulsations per minute at 62® F. 
Placed upon the palm of the hand, the action soon rose to 108. 
Hyal. alliaria, similarly treated, rose from 72 pulsations to 110. 
Floated upon water, the action of the heart of the latter suddenly 
fell to 29. 

Fresh -water Pulmonata do not appear to hibernate. Unio 
and Amdonta, however, bury themselves more deeply in the 
mud, and Dreusenaia casts off its byssus and retires under the 

' Moquin-Tandon, Moll, de Franoe^ i. p. 116. 

• Jowm, qfOonck. iii. p. 821 f. ; \v. p. 18 ; Sdenee Oosa. 1806, p. 158. 
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mud in deeper water.^ Limfuua and JPtanorbis have often been 
noticed to crawl about under the lower surface of a thick coating 
of ice. In periods of prolonged drought, when the watar in 
the ponds dries up, the majority of genera bury themselves in 
the mud. I have known Zimnaea peregra bury itself three 
inches deep, when surprised by a sudden fall of the water in 
the ditch on Coe Fen, behind Peterhouse, Cambridge. Phym 
hypnorum frequents by preference ditches which dry up in 
summer, as does also Planorhis spirorhis, the latter often form- 
ing a sort of epiphragm against evaporation. Ancylus has been 
observed to spend the whole winter out of water, and jP. sprorMs 
has been noticed alive after four months* desiccation.^ 

True aestivation, however, occurs mainly in the tropes, 
where there is no winter, but only a period when it is not quite 
so hot as the rest of the year, or on a coast like the Mediter- 
ranean, which is subject to sudden and severe heat. This period 
is usually rainless, and the heat is therefore a dry heat. At 
this season, which may last for three or four months, most of the 
land Mollusca enter upon a period of inaction, either burying 
themselves deeply in the ground, or else permanently attaching 
themselves to the stalks of grass and other herbage, or the under 
sides of rocka For instance, the large and beautifully painted 
Orthalicus, Corona, and Porphyroiaphe, which inhabit Brazil, 
Ecuador, and eastern Peru, bury themselves deeply in the 
ground during the dry season, while in the rains they climb to 
the topmost branches of the great forest trees.® Thus it may 
well happen that a visitor to a tropical island, Ceylon for 
instance, or one of the Greater Antilles, if he time his visit to 
coincide with the rainless season, may be grievously disappointed 
at what seems its unaccountable poverty in land Mollusca. But 
as soon as the weather breaks, and the moisture penetrates their 
retreats, every bush and every stone, in favoured localities, will 
be alive with interesting speciea 

The Epiphragm. — ^A considerable number of the land Pul- 
monata (and a very few of the fresh-water) possess the power 
of closing the aperture of their shell by means of what is known 
as an epiphragm or covering of hardened mucua This epi- 
phragm is habitually formed by certain species during hibernation 

' Reichol, Zool. Anau x. p. 488. ^ SchuiDsan, Schr* Oes» Jk$jiz. (2) tL p. 159. 

3 Fischer and Crosse, MMeo, py 4S7. 
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cr aertivtttum, or even dtcriug Bbrnter periods of inaotivitjr 
and letiianent, the object beis^, either to check evaporation ot 
the moutore of ^ bodj.or to seeaie the animal against the odd 

nstaining a thin hyear ci sligfatij warm air immediatdy 
witiiin the apertnre of the shelL 

The ^iphn^m diffos widely in dunacter in diSbrent qpedee, 
acHoetimes (CZattatitn, JPupa, JPlanorMs) consisting of the merest 
pdlude of tranqrarent membrane, while at others (Heliai aptrta, 
H. pomaHa) it is a thick chalky substance, with a consid^ble 
admixture of carbonate of lime, with the consistency of a hard- 
ened layer of plaster of Faria Within these extxemes every 
variety of thkkneae, solidity, and transparency occura During 
long hibernation several epipbragms are not unfrequently framed 
by the some individual audl, one within the other, at gradually 
lessening distanoea The epiphragm thus performs, to a certain 
extent, the part of an operculum, but it must be remembraed 
that it differs radically frran an operculum physiologically, in 
being only a temporary secretion, while the opercdum is actually 
a living part of the animal 

The actual mode of framation of the epiphragm would seem 
to differ in different ^edea Aoorading to Fischer,^ the mollusc 
withdraws into its shell, completely blocking all passage of air 
into the interior, and cloeing the pulmonary orifice. Then, from 
the middle part of tiie foot, which is hdd exactly at the same 
plims as the aperture, is slowly secreted a transparent pellicle, 
which gradually thictens, and in cratain species becomes oal- 
oaieona Dr. Binney, who kept a large numbra of Hdix korUimt 
in confinement, had frequently an opportunity of noticing the 
manner in which the epiphra^ was formed.* The aperture of 
the shell being upward, and the collar of the animal having 
been brought to a level with it, a quantity of gelatinous matter 
is thrown out [? where from]. The pulmonary orifice is thrai 
opened, and a portion of the air within suddenly ejected, with 
such force as to separate the viscid matter from the collar, and 
to project it, like a bubble of air, from the aperture. The animal 
then quickly withdraws fiutiier into the shell, and the presnue 
of the extend air foroes beck the vesicle to a level with the 
aperture, when it hardeim and forms the epiphragm. In srane 

* Jtmm. d* Otmh. ir. p, W, Imt the epeeMi obeereed ie not meationod. 

* StiU. Mu$. C. Z. JTara ir. p. 37S. 




tl 


SmmUG OF TIUEABS 


29 


of Euxopeoa species in whidi the gd^Rtiiioiis seeretkm eon*- 
taim more oiurbonate of lime, adidification eemiia to take {Aaee 
at. the mameat when the air is assailed, and the qpipheagin in 
these is in oonsequence stnmgl j convex. 

Xhread-spinii&ig. — A ccmsidenible number of fresh^water 
MoUtisca possess the power of stretching a thread, which is no 
more than an exceedingly elongated piece of mncns. to the 
sorfhce of the water, and of using it as a means of locomot] 0 !i. 
This thread bears no analogy whatever to the fibrous byssus of 
certain bivalves, being fonned in an entirely different manner, 
without the need of a special ^and. 

The threads are ' spun ’ by several species of Mmnaea, Physa, 
and PlaTtorhUy by BUhynia tetdaeulaia^ and several of the 
Cycladidae, They are anchcand to the surface by a minute 
concavity at the upper end. which appears to act like a small 
boat in keeping the thread steady. The longest threads are 
those of the Physae, which have bemi noticed to attain a length, 
in confinement, of 14 inchea They are always spun in the 
ascent, and as a rule, when the animal descends, it rolls the 
thread up and carries it down as it goes. A single tliread is 
never spun on the descent, but occasionally, when a thread has 
become more or less of a permanence, it becomes stronger by 
the addition of more mucus each time it is used, whether for 
ascending or descending purposes. Cydas eomea appears to be 
an exception to the rule that threads are only q»un on the 
ascent. This species, which is particularly fond of crawling 
along the under surface of the water, has been noticed to spin 
a thread half an inch in length while on the surface, and to hang 
suspended from it for a considerable time. 

What the exact use of the thread may be. must to a certain 
extent be matter of conjecture. The limnaeidae are, in the 
great majority of cases, compelled to make periodic visits to the 
surface in order to inspire oxygen. It is also a favourite habit 
with them to float just under the surface, or crawl about on its 
under side, perhaps in pursuit of tiny vegetable oiganisma 
Whatever may be the object of an excursion to the surface, a 
taut thread will obviously be a nearer way up than any other 
wliich is likely to present itself; indeed, without this thread- 
spinning power, which ensures a tolerably rapid arrival at the 
surface, the animal might find itself aq>byxiated| or at least 
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seriously inconremenced, before it could succeed in taking in 
the desired supply of oxygen. With the Cydadidae, which do 
not breathe air^ such an explanation is out of place ; in their 
case the thread seems to be a convenient means of resting in 
one position in the intervals of the periods of active exercise to 
which several of the species are so much addicted. 

The power of suspension by a thread is also possessed by 
certain of the Cychzi^ymtidM^ by some Cerithideay several Rinoa 
and other marine genera, prominent among which is Litiopa 
homhyxy whose name expresses its power of anchoring itself to 
the Sargasso weed by a silken thread of mucua Several 
species of slugs are known to be able to let themselves down by 
threads from the branches of trees. Limax arborttm is especially 
noted for this property, and has been observed suspended in 
pairs during the breeding time. According to Binney, all the 
American species of Limax, besides those of Tebennophorus, 
possess this singular property. Limax arborum appears to be 
the only slug which has been noticed to ascend, as well as 
descend, its thread. It has also been observed ^ that when this 
species is gorged with food, its slime is thin and watery, and 
unable to sustain its weight, but that after the process 
of digestion has been performed, the mucus again becomes 
thick and tenacious. It appears therefore that when the 
animal is hungry and most in need of the power of making 
distant excursions in search of food, its condition enables 
it to do so, but that when no such necessity is pressing, the 
thread -forming mucus is not secreted, or is perhaps held in 
suspense while the glands assist in lubricating the food before 
digestion.* 

Food of Land and Fresh-water Mollusca. — Avion ater, the 
great black slug, although normally irugivorous, is unquestion- 
ably carnivorous as well, feeding on all sorts of animal matter, 
whether decaying, freshly killed, or even in a living state. Jt is 
frequently noticed feeding on earthworms ; kept in captivity, it 
will eat raw beef ; it does not disdain the carcases of its own 
dead brethren. An old man near Berwick-on-Tweed, going out 
one morning to mow grass, found a black slug devouring, as he 
supposed, a dead mouse. Being of an inquisitive turn, and 

^ W. Hnrte, Proc, DvJbl, N, H. Soe, iv, p: 182. 

^ ^ on the whole subject of threedsO. S. Tye, Joum. 0 / Conch* 1 . p. 401. 
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wishing to ascertain if it were really thus engaged, he drew the 
mouse a little back. When he returned in the evening, the 
mouse was reduced almost to a skeleton, and the slug 'was still 
thera^ Indeed it would seem almost difficult to name anything 
which Arion ater will not eat. Dr. Gray mentions^ a case 
of a specimen which devoured sand recently taken from the 
beach, which contained just enough animal matter to render it 
luminous when trodden on in the dark ; after a little time the 
faeces of the slug were composed of pure sand, united together 
by a little mucus. A specimen kept two days in captivity 
was turned out on a newspaper, and commenced at once to 
devour it. The same specimen ate dead bodies of five other 
species of slugs, a dead Unio, pupae of Adimonia tanaeeti, 
part of the abdomen of a dragon-fly, and Pears* soap, the latter 
reluctantly.® 

According to Simroth * and Scharff® the food of several of our 
British slugs, e,g. Limax maximvs, Z. Jlavus, Arion suhfuscus, 
A. intermedins, consists of non-chlorophyllaceous substances 
only, while anything containing chlorophyll is os a rule refused. 
On the other hand Z. agrestis and Amalia carinata feed almost 
entirely on green food, and are most destructive in gardens. 
The latter species lives several inches under ground during the 
day, and comes to the surface only at night. It is largely 
responsible for the disappearance of bulbs, to which it is ex- 
tremely partial. Z. marginatus ( = arhorum Bouch.) feeds ex- 
clusively on lichens, and in captivity absolutely refuses green 
leaves and a flesh diet. It follows therefore, if these observa- 
tions are correct, that the popular notions about slugs must be 
revised, and that while we continue to exterminate from our 
gardens those species which have a taste for chlorophyll, we 
ought to spare, if not encourage those whose tastes lie in the 
opposite direction. 

Limax agrestis has been seen devouring the crushed remains 
of Arion ater. Five specimens of the same species were once 
noticed busily devouring a May-fly each, and this in the middle 
of a large meadow, where it may be presumed there was no lack 

» Zoologist, ii. p. 296 ; iii. p. 833 ; iv. p. 1216 ; iii. p. 1086 ; iv. p. 1216 ; iii. 
p. 1087. 

* A'm. NaL Hist, ii. 1838, p. 810. » H. W Kcw, Haluralist, 1889, p. 108. 

^ ZsiL wiss, Zoot, xlii. p. 208 f. * Set, Trans, R, DM, Soc, (2) iv. p. 520 f. 
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ot gte&x food. oaptme and eating of insects by MdUnsoa 

seems very remnrliiabie, but this stray 'does not stand alone. 
Mr. T. Yramon WoUa^wn once endosed in a bottle at least three 
dosen qtedmens of Ckdef^ttetEa together vith 4 Sdix eAntiam, 
6 H. hispida, and 1 if. virgata, together with an abundant 
supply of fresh leaves and grass About a fortnight afterwards, 
on the bottle brang opened, it was found that every nngk 
specimen of the Coleo^beta had been devoured by the snails^ 
Amalia margincUa in captivity has been fed upon the larvae of 
Ewhdia JaeoboMe, eating three in two hours* 

Livuae maadmus (Fig. 19) has been seen frequently to make 
its way into a dairy and feed on raw beef.* Individuals kept in 

confinement are guilty of 
cannibalism. Mr. W. A. 
Gain kept three specimens 
in a box together, and found 
one of them two - thirds 
eaten, “the tail left clean 
cut off, reminding one of 
that portion of a fish on a 
fishmonger’s stall” Thai 
starvation did not prompt 
Fro. PO, pulmonary the Crime was proved by 

orifice ; x j. the fact that during the 

preceding night the slug had been supplied with, and had eaten, 
a considerable quantity of its favourite food. Ou two other 
occasions the same observer found one of his slugs deprived of 
its slime and a portion of its skin, and in a dying condition.^ 
An adult L, mcuximus, kept for thirty-three days in captivity with 
a young Arion ater, attacked it frequently, denuded it of its slime, 
and gnawed numerous small pieces of skin off the body and 
mantle.^ The present writer has found no better bait for this 
species on a warm summer night than the bodies of its brethren 
which were slain on the niglit preceding ; it will also devour 
dead Ifelix mpersa. Mr. Gain considers it a very dainty feeder, 
preferring fungi to all other foods, and appirently doing no harm 
in the garden. 

^ Zoologiaty iv. ]i. 1504 ; iii. p. 1038 ; iii# p. 943. 

- H. W. Kow, L e, ® xix. |>. 7819. 

* MUnraUst, 1889, p. 56. * H. W. Kcw, /. r. 
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Limm JkmLB, which is fond of inhabiting the vicinity of 
cellars, makes its presence most disi^ieeable by attacking articles 
of food, and especially by insinuating itself into vessels containing 
meal and fldur.^ It is particularly partial to creant 

Slugs will sometimes bite their captor's hands. Mr. £ew' 
relates that a Limax agrestis, on being stopped with the finger, 
while endeavouring to escape from the attack of a large Avion, 
attempted to bite fiercely, the rasping action of its radula being 
plainly felt. According to the same authority, probably all the 
dugs will rasp the skin of the finger, if it is hdd out to them, 
and continue to do so for a considerable time, without however 
actually drawing blood.* While Mr. Gain was handling a large 
Avion ater, it at once seized one of the folds of skin between the 
fingers of the hand on which it was placed ; after the action of 
the radula had been allowed toicoptinue for about a minute, the 
skin was seen to be abraded.* Another specimen of Avion ater, 
carried in the hand for a long time enclosed in a dock leaf, 
began to rasp the skin. The operation was permitted until it 
became too painful to bear. Examination with a lens showed 
the skin almost rasped away, and the place remained tender and 
sore, like a slight bum, for several daya* ^ 

Hdix pimna, if freshly caught, and placed in a box with 
other species, will set to work and devour them within twenty- 
four hours. The present writer has noticed it, in this position, 
attack and kill large specimens of H. ericetovum, cleaning them 
completely out, and inserting its elongated body into the top 
whorls of its unfortunate victims in a most remarkable manner. 
Amongst a large number of species bred in captivity by Miss 
F. M. Hele,* was Hyalinia Dvapavnaldi, In the first summer 
the young offspring were fed on cabbage, coltsfoot, and broad- 
leafed docka They would not hibernate even in the severest 
frosts, and, no outdoor food being available, were fed on <diiopped 
beef This, Miss Hele thinks, must have degenerated their 
appetites, for in the following spring and summer they constantly 
devoured each other. 

Zonites algivus feeds on decayed fruit and vegetables, and 
on stinking flesh.* Achcdina pantheva has been known to eat 

1 W. G. Binney, BulL Mus, C* JS. ffairv. iv p. 144. ■ JMuraliH, L e, 

* Sdence Go«itp, 1SS5, p. 164. * R. Standen, Jmtm. tif Omch. vii. p. 197. 

* Joum. of Conch, r. p. 43. * A. Fklidtllie in MS. letter. 
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meat, other anaile (when dead), vegetables, and paper.^ The 
common Stenogyra decollata of the South of Europe has a Very 
bad character for flesh-eating habits, when kept in captivity. 
Mr. Binney ^ kept a number for a long time as scavengers, to 
clean the shells of other snails. As soon as a living JBelix was 
placed in a box with them, one would attack it, introduce itself 
into the upper whorls, and completely remove the animal One 
day a number of Succinea ovcUis were left with them for a short 
time, and disappeared entirely ! The Stenogyra had eaten shell 
as well as animal. This view of Stenogyra is quite confirmed 
by Miss Hele, who has bred them in thousands. I can keep,” 
she writes,^ “ no small Helix or Bulimus with them, for they at 
once kill them and eat them. They will also eat raw meat.” 

Even the common lAmnaea stagyudia, which is usually re- 
garded as strictly herbivorous, will sometimes betake itself, 
apparently by preference, to a diet of flesh. Karl Semper 
frequently observed the Limnaeae in his aquarium suddenly 
attack healthy living specimens of the common large water newt 
{Triton taeniatus), overcome them, and devour them, although 
there was plenty of their favourite vegetable food growing 
within easy reaoh.^ The same species has also been noticed to 
devour its own ova, and the larvae of Dytiscus. Limnaoa peregra 
has been detected capturing and partially devouring minnows in 
an aquarium, when deprived of other food, and Dr. Jeffreys has 
seen the same species attack its own relatives under similar 
circumstances, piercing the spire at its thinnest point near to the 
apex.* X. stagnodis, kept in an aquarium, has succeeded in 
overpowering and partially devouring healthy specimens of tlie 
common stickleback.® 

Powers of Intelligence, Homing, and finding Food. — It is 

not easy to discover whether land Mollusca possess any faculties 
which correspond to what we call intelligence, as distinct from 
their capacities for smell, sight, taste, and hearing. Darwin 
mentions" a remarkable case, communicated to him by Mr. 
Lonsdale. A couple of Hehx pomatia, one of which was sickly, 

^ J. S. CibbonB, QuarL Joum, Conch* ii. p. 143. 

* IhtlL Mua* C. Z. Harv. ir. p. 1S3. 

* I, c. p. 362. * Animal Lifc^ p. 69. 

‘ Zoologist^ 1801, (». 7400 ; BrU. Conch* i. p. 108. 

* H. Ullyett, SeUnce Gmip, xxii. (1866) p. 214. 

' Dcscenl of Man^ i. p. 325, ed. 1. 
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were placed in a amall and ill-provided garden. The stronger of 
the two soon disappeared over the wall into the next garden, 
which was well furnished with food. It was concluded that the 
snail had deserted its weakly mate, but after twenty-four hours 
it returned, and apparently communicated the results of its 
expedition, for after a short time both started off along the same 
track, and disappeared over the wall According to Dr. W. H. 
Dall,^ a young girl who possessed a remarkaUe power over 
animals succeeded in training a snail {H. alholahris) to come out 
of its lurking-place at her call If placed in a room, it would 
shrink into its shell at the sound of any other voice, but it would 
idways start off in the direction of hers. 

Snails and slugs possess to a considerable extent the faculty 
of ‘ homing,’ or retimning to the same hiding-place day after day, 
after their night excursions in search of food. Mr. C. Ashfo^ 
once marked with a dab of white paint seven Hdix aaperm found 
lurking under a broken flagstone; at 10 f.m. the same evening 
three had disappeared on the forage ; the next morning all were 
‘at homo' The following night at 10 P.M. five were gone out, 
two being discovered with some difficulty ‘in a small jungle’ 
six feet away ; the next morning six out of the seven were saMy 
beneath the flagstone. According to the same authority. Helix 
aeperea will find its way across a cinder-path (which it specially 
detests) to get to its favourite food, and will retmm by the same 
way to its old quarters, although it could easily have found new 
lodgings nearer the food-supply. A snail has been observed to 
occupy a hole in the brick wall of a kitchen-garden about four 
feet from the ground. Leaning against the wall, and immediately 
under the hole, was a piece of wood, the lower end of which rested 
in a bed of herba For months the snail employed this ladder 
between its food and its home, coming down as soon as it was 
dark, and retiring to rest during the day. 

In greenhouses a slug will forage night after night — as 
gardeners know to their cost — over the same beat, and will 
always return to the same hiding-place. Zimax jlmua has been 
noticed crawling with great regularity to a sink from a hole near 
the water-pipe, and keeping to a well-marked circular track. In 
all probability the scent, either of the desired object of food, or of 
the creature’s own trail, plays a considerable part in keeping it 

> Amur. Nat. xf. 1881. ^ 878. 
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to the same outward and homeward track, or at least in guiding 
it back to its hiding-place. Yet even scent is occasionally at 
fault, for on one occasion a Limax flavus was accustomed to make 
nightly excursions to some basins of cream, which were kept in 
a cool cellar. When the basins were removed to a distant shelf, 
the creature was found the next morning ‘wandering dis- 
consolately ' about in the place where the basins bad formerly 
stood.^ 

A remarkable case of the power of smell, combined with great 
perseverance on the part of a Helix, is recorded by Furtado.’ 
He noticed a Helix asperea lodged between a column on a 
verandah and a flower-pot containing a young banana plant, and 
threw it away into a little court l^elow, and six or seven yards 
distant Next morning the snail was in precisely the same place 
on the flower-pot. Again he threw it away, to the same distance, 
and determined to notice what happened. Next morning at nine 
o’clock, the snail was resting on the rail of a staircase leading up 
to the verandah from the court ; in the evening it started again, 
quickening its pace as it advanced, eventually attacking the 
banana in precisely the same place where it had been gnawed 
before. 

For further instances of the power of smell in snails, see 
chap, vii 

Slugs have been known to make their way into bee -hives, 
presumably for the sake of the honey.® ‘ Sugaring ’ the trees at 
night for moths will often attract a surprising concourse of sluga 
Sometimes a particular plant in a greenhouse will become the 
object of the slugs* persistent attacks, and they will neglect every 
other food in order to obtain it. Fwtfugium grande is one of 
these favourite foods, " the young leaves and shoots being always 
eaten in preference to all other plants growing in the houses ; 
where no Farfugiums were kept the slugs nibbled indis- 
criminately at many kinds." * The flowers of orchidaceous plants 
exercise a special attraction over slugs, which appear to have 
some means of discovering when the plants are in bloom. " I 
have often observed," says Mr. T. Baines, “ that a slug will travel 

^ W, A. Gain, quoted by H. W. £ew in NaJtwruXisi, 1890, p. 807, an article to 
which I am much indebted. ’ Aim, Mag, N<U, Hist, (5) xvi. p. 819. 

• Science Oossip, 1882, pp. 237, 262. 

* H. W. Kew, Natwriuikt 1898, p. 149, another moat valnable article. 
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over the surface of a pot in which is growing a IhiidtoHum 
nohile, a Cattleya, Vanda, or similar upright plant for a score 
of times without ever attempting to ascend into the head of the 
plant unless it is in bloom, in which case they are certedn to find 
their way straight to the flowers ; after which they will descend, 
and return to some favourite hiding-place, often at the opposite 
end of the house.” ^ Mr. R. Warner has " actually seen many 
little slugs suspending themselves by slime -threads from the 
rafters and descending on the spikes of the beautiful Odonto- 
glossum alexandrae ; and thus many spikes, thickly wadded round 
with cotton wool (which the slugs could not travel over), and 
growing in pots surrounded by water, had been lost.” * Perhaps 
the most singular instance of a liking for a particular food is 
that related by Mr. K Step.® In a London publishing house, 
slugs were observed, during a period of nearly twelve months, to 
have fed almost nightly on the colouring matter in certain book- 
covers, and though the trails were often seen over the shelves, 
and cabbage and lettuce leaves laid down to tempt the creatures, 
they continued their depredations with impunity for the time 
above mentioned. 

Limnaea peregra has been observed feeding on old fish-heads 
thrown into a dirty stream, and a large gathering of Limnaea 
stagTioiis has been noticed feeding upon an old newspaper in a 
pond on Chislehurst Common, ' so that for the space of about a 
square foot nothing else could be seen.' * 

Tenacity of Life. — Land MoUusca have been known to exhibit, 
under unusual conditions, remarkable tenacity of life. Some of 
the most noteworthy and best authenticated instances of this 
faculty may be here mentioned. 

The well-known story of the British Museum snail is thus 
related by Mr. Baird.® On the 26th March 1846 two specimens 
of Helix desertorum, collected by Charles Lamb, Esq., in Egypt 
some time previously, were fixed upon tablets and placed in the 
collection among the other MoUusca of the Museum. There they 
remained fast gummed to the tablet. About the 15th March 
1850, having occasion to examine some shells in the same case, 


^ Oatden, t. p. 201, quoted by Kew, ui aup, 

^ Kew, ut mp» ’ ScimcB Oomp, 188S, p. 1S8. 

^ T. D. A. Cockerell, Science Ooetip, 1S85, p. 211. 

® Ann Mcig, NaL HiaL (2) vi. (1860) p. 88. 
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Mr. Baird noticed a recently formed epiphragm over the mouth 
of one of these snails. On removing the snails from the taUet 
and placing them in. tepid water, one of them came out of its 
shell, and the next day ate some cabbage leaf A month or two 
afterwards it began repairing the lip of its shell, which was broken 
when it was first affixed to the tablet. 

While resident in Porto Santo, from 27th April to 4th May 

1848, Mr. S. P. Woodward^ collated a number of Helices and 
sorted them out into separate pill-boxes. On returning home, 
these boxes were placed in empty drawers in an insect cabinet, 
and on 19th October 1850, nearly two and a half years after- 
wards, many of them were foimd to be stiU alive. A whole bagful 
of H. turricula, collected on the Ilheo de Ciina on 24th April 

1849, were all alive at the above-mentioned data 

In September 1858 Mr. Bryce Wright sent^ to the British 
Museum two specimens of jK desertorum which had been dormant 
for four years. They were originally collected in Egypt by a Mr. 
Vernfedi, who, in May 1854, while stopping at one of the stations 
in the desert, found a heap of thorn-bushes lying in a corner of 
the building, rather thickly studded with the snaila He picked 
off fifteen or twenty specimens, which he carried home and locked 
up in a drawer, where they remained undisturbed until he gave 
two to Mr. Wright in September 1858. 

In June 1855 Dr. Woodward placed specimens of IT. candidis- 
sima and If. aperta in a glass box, to test their tenacity of life ; 
he writes of their being still alive in April 1859. 

Mr. R E. C. Stearns records ® a case of Bvliminus pcdlidior and 
S’. Veatchii from Cerros 1. living without food from 1859 to March 
1865. 

H. Aucapitaine mentions ^ a case of JET. lactea found in calcin- 
ated ground in a part of the Sahara heated to 122*" F., where 
no rain was said to have fallen for five years. The specimen 
revived after being enclosed in a bottle for three and a half years. 

In August 1863, Mr. W. J. Sterland* put specimens of JET. 
nemoralis in a box and afterwards placed the box in his cabinet ; 
in November 1866 one specimen was discovered to be alive. 

Gaskoin relates ® a case in which specimens of IT lactea were 

’ Amt. Mag. Nat. Hid. (2) vi, p. 489. * Ilnd. (8) iii. p. 448. 

* A'aur. Nat. xi. (1877) p. 100 ; /Voc. Ae, iii. p. 829. 

* Oast. Med. Alger. 18ff5, Sth Jan. p. 9. ^ Sdefue Goesipt 1807* p. 40. 

* Ann. Mag. Nat. Hid. (2) ix. p. 498. 
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purchased from a dealer in whose drawer they had been for two 
years This dealer bad them from a merchant at Mogador, who 
had kept them for more than that time under similar conditions 
One of these shells on being immersed in water revived, and in 
April 1849 was placed quite alone under a bell jar with earth 
and food. In the end of the following October about thirty young 
HI lactea were found crawling on the glass. 

Mr. B. D. Darbishire bought ^ some H, aperta in the market 
at Nice on 18th February 1886. Two specimens of these, placed 
with wool in a paper box, were alive in December 1888. This 
is a very remarkable case, H aperta not being, like H desertorumy 
H, lactea, H Veatchii and BtU. pallidior, a desert snail, and there- 
fore not accustomed to fasting at all. 

Age of Snails. — It would appear, from the existing evidence, 
which is not too plentiful, that five years is about the average 
age of the common garden snail. Mr. Gain has published * some 
interesting observations on the life of a specimen from the cradle 
to the grave, which may be exhibited in a tabular form. 

Aug. 1882. Eggs hatched ; one attained diameter of in. 

before winter; fed on coltsfoot and cabbage. 

6th Oct. 1883. Shell 1 in. in diameter, no lip formed. 

July 1884. Shell finished; diameter in., including 
perfect lip. 

3rd May 1885. Left winter quarters; companion introduced, 
with which it was seen in company on 
5 th August. 

9 th Aug. „ Laid eggs in soil, which were hatched on 
10 th September, and feeding on 17 th 
September; in May 1886 the largest of 
these was in. diameter. 

13th Oct. 1887. Old snail died, aged 5 years 2 months. 

According to Clessin, the duration of life in Vitrina is one 
year, Cyclas 2 years ; HyaHnia, Succinea, Idvtnaeay PlanorbiSy and 
Ancylus are full grown in 2 to 3 years, Helix and Paludina in 2 
to 4, and Anodonta in 12 to 14. Hazay finds’ that the duration 
of life in Hyalinia is 2 years, in Helix pomatia 6 to 8, in Hdix 
candicans 2 to 3, in Paludina 8 to 10, in TAmnata and Planorbie 
3 to 4. 

* Jmrn. vi. 101; • Naiurdlisty 1889, p. &5. 

’ Malak. mn. (2) iv. pp. 48 aud 221. 
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Cbrowth of the flhelL — ^Mr. K J. Lowe^ many years ago, con- 
ducted ^ some interesting experiments on the growth of snails. 
The facts arrived at were — 

(1) The shells of Helicidae increase but little for a consider- 
able period, never arriving at maturity before the animal has onse 
become dormant 

(2) Shells do not grow whilst the animal itself remains 
dormant 

(3) The growth of shells is very rapid when it does tidce 
place. 

(4) Most species bury themselves in the ground to increase 
the dimensions of their shells. 

Six recently hatched H. pomatia were placed in a box and 
regularly fed on lettuce and cabbage leaves from August until 
December, when they buried themselves in the soil for winter ; 
at this period they had gradually increased in dimensions to the 
size of H. hispidcL. On the Ist April following, the box was 
placed in the garden, and on the 3rd the Helices reappeared on 
the surface, being no larger in size than they were in December. 
Although regularly fed up to 20th June, they were not per- 
ceptibly larger, but on that day five of them disappeared, having 
buried themselves, with the mouth of the shell downwards, in the 
soiL After ten days they reappeared, having in that short time 
grown so rapidly as to be equal in size to H. pisana. On the 
15 th July they again buried themselves, and reappeared on 1st 
August, having again increased in size. For three months from 
this date they did not become perceptibly larger ; on 2nd 
November food was withheld for the winter and they became 
dormant. 

A similar experiment, with similar results, was carried on 
with a number of H, aspersa, hatched on 20th June. During 
the summer they grew but little, buried themselves on 10th 
October with the head upwards, and rose to the surface again on 
5th April, not having grown during the winter. In May they 
buried themselves with the head downwards, and appeared again 
in a week double the size ; this went on at about fortnightly 
intervals until 18 th July, when they were almost fully 
grown. 

Helix nemoralia, H. virgaia, H. eaperata, and H. hispida bury 

* rkU. TroM. 1854 (1856), p. 8. 
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themselyes to grow ; H. rotundaia burrows into decayed wood , 
Hyalinia radiatida appears to remain on decaying blades of 
grass ; Fupa umhilicata^ ClauBilia rugosa^ and BulimimLS ohscwrua 
bury their heads only. 

The observations of Mr. W. £. Collinge^ do not at all agree 
with those of Mr. Lowe, with regard to the mode in which land 
MoUusca enlarge their sheila He bred and reared most of the 
commoner forms of Hdix and also Clausilia rugoBa, but never 
saw them bury any part of their shell when enlarging it. While 
admitting that they may increase their sheUs when in holes or 
burrows of earthworms, he thinks that the process of burying 
would seriously interfere with the action of the mantle during 
deposition, and in many cases damage the membranaceous film 
before the calcareous portion was deposited. Mr. Collinge 
has found the following species under the surface in winter: 
Avion ater (3-4 in.), Agriolimax agrestiB (6-8 in.), Hyalinia 
cdlaria and H alliaria (6-8 in.), Hyalinia glabra (5 in.), Helix 
oBpevBa (5-6 in.), H. rufeBcens (4-6 in.), H. rotundata (4-5 in.), 
H hispida (7 in.), BvliminuB oIbcutub (4-6 in.), B. montanuB^ 
(24 in.), and the following in summer, Hyalinia cellaria and 
alliaria (6-8 in.). Helix rotundata (4-5 in.), Balea perversa 
(6-8 in.), CycloBtoma elegans (3-4 in.). The same author has 
found the following species of fresh-water moUusca living in 
hard dry mud: Sphaerium corneum (3-14 in.), S, rivicola (5-6 
in.), S. laeuBtre (10-14 in.), aU the British species of Pisidium 
(4-12 in.), Zimnaea truncatvla (18 in., a single specimen). All 
our species of Unio, Anodonta, Bithynia, and Paludina bury 
themselves habitually in fine or thick wet mud, to a depth of 
from 4 to 14 inchea 

This burying propensity on the part of MoUusca has been 
known to play its part in detecting fraud. When my friend 
Mr. £. L Layard was administering justice in Ceylon, a native 
landowner on a smaU scale complained to him of the conduct of 
his neighbour, who had, during his absence from home, diverted 
a smaU watercourse, which ran between their holdings, in such 
a way as to filch a certain portion of the land. The offender 
had fiUed up and obliterated the ancient course of the stream, 
and protested that it had never run but in its present bed. 

i Naturaliit, 1S91, p. 75 f. ; Condudogiett ii 1892, p. 29. 

* Taylor, Joum, qf Ooneh. 1888, p. 299. 
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Mr. Layard promptly had a trench sunk across what was said to 
be the old course, and the discovery of numerous limng Ampui- 
laria, buried in the mud, confirmed the story of one of the 
litigants and confounded the other.^ 

Depositing ud Hatching of Eggs : Self-fertilisatioa — 
There appears to be no doubt that Helices, when once im- 
pregnated, can lay successive batches of eggs, and possibly can 
continue laying for several years, without a further act of union. 
A specimen of Helix aspersa was noticed in company with 
another on 5 th August ; on 9 th August it laid eggs in the soil, 
and early in the following summer it laid a second batch of eggs, 
although its companion had been removed directly after its first 
introduction. An Avion received from a distance laid 30 eggs 
on 5th September, and 70 more on the 23rd of the same month, 
although quite isolated during the whole time.® By far the 
most remarkable case of the kind is related by Gaskoin.® A 
specimen of Helix lactea was kept in a drawer for about 
two years, and then in another drawer for about two years 
more. It was then taken out, and placed in water, when it 
revived, and was placed alone under a bell jar with earth 
and food. Six months after, about 30 young H lactea were 
found crawling on the glass, the act of oviposition not having 
been observed. 

The observations of Mr. F. W. Wotton,^ with regard to the 
fertilisation and egg-laying of Avion aiev, are of extreme 
interest and value. A pair of this species, kept in captivity, 
united on 10th September 1889, the act histing about 25 
minutes. From that date until the eggs were laid, the animals 
looked sickly, dull of colour, with a somewhat dry skin. Eggs 
were deposited in batches, one, whicli we will call A, beginning 
three days before B, On 10th October A laid 80 eggs; on the 
16th, 110; on the 25th, 77; on 8th November, 82; and on 
l7th November, 47 ; making a total of 396. Specimen B, which 
began on 13th October, three days after A, made up for the delay 
by laying 246 eggs in 40 hours; on 26th October it laid 9, on 
10th November, 121; and on 30th November, 101; a total of 477. 

^ See Tennent's Ceylwit i. p. 221, ed. 5. 

^ W. A. Gain, Naturalist^ 1889, p. 55 ; Brockmeier, Naehr, DexUscL NiUuk, 
GeseU, xx. p. 113. 

’ Ann. Mag. Nat, Hist, (2) ix. p. 498. ^ Joum. Conch, vii. 1893, p. 158 f. 




II 


HATCHING OF EGGS 


43 


These egge weighed 624 to the ounce, and, in excluding the 
batch of 246, B parted with ^ of its own weight in 40 hours, 
while the whole number laid were rather over f of its own 
weight ! 

While depositing the eggs, the slug remained throughout in 
the same position on the surface of the ground, with the head 
drawn up underneath the mantle, which was lifted just above 
the reproductive orifice. When taken into the hand, it went on 
lajing eggs without interruption or agitation of any kind. After 
it had finished laying it ate half a raw potato and then took a 
bath, remaining submerged for more than an hour. Bathing is 
a favourite pastime at all perioda Specimens, says Mr. Wotton, 
have survived a compulsory bath, with total submersion, of 
nearly three days’ duration. 

Mr. Wotton’s account of the hatching of the eggs is equally 
interesting. It is noticeable that the eggs of one batch do not 
hatch by any means simultaneously; several days frequently 
intervene. The average period is about 60 days, a damp and 
warm situation bringing out the young in 40 days, while cold 
and dryness extended the time to 74 days, extremes of any 
kind proving fatal. Of the batch of eggs laid by B on 
30th November, the first 2 were hatched on the following 
16th January, and 2 more on the 17th; others, from 10 to 20, 
followed suit on the succeeding 6 days, until 82 in all were 
hatched, the remaining 19 being unproductive.^ 

By placing the egg on a looking-glass the act of exclusion 
can be perfectly observed. For several days the inmate can be 
seen in motion, until at last a small crack appears in the surface 
of the shell : this gradually enlarges, until the baby slug is able 
to crawl out, although it not unfreqiiently backs into the shell 
again, as if unwilling to risk itself in the world. When it once 
begins to crawl freely, it buries itself in the ground for 4 or 5 
days without food, after which time it emerges, nearly double 
its original size. At exclusion, the average length is 9 mm., 
increasing to 56 mm. after the end of 5 montha Full growth 
is attained about the middle of the second year, and nearly all 
die at the end of this year or the beginning of the next. Death 
from exhaustion frequently occurs after parturition. Death 

* I micoeedad in iiAtohing out eggs of Helix asfkirm^ during the very warm 
summer of 1893, in 17 days. 
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from suffocation is sometimes the result of the formation of 
small blisters on the margin of the respiratory aperture. The 
attacks of an internal parasite cause death in a singular way. 
The upper tentacles swell at the base in such a way as to 
prevent their extrusion ; digestive troubles follow, with rigidity 
and loss of moisture, and death ensues in 2 or 3 days. 

Mr. Wotton isolated newly-hatched specimens, with the view 
of experimenting on their power of self-fertUisation, if the 
opportunity of fertilising and being fertilised by others was 
denied them. One of these, after remaining in absolute solitude 
for 10^ months, began to lay, scantily at first (11th January, 2 ; 
25th January, 2 ; 11th February, 2), but more abundantly after- 
wards (3rd April, 60; 15th and 16th, 70; 29th, 53, etc.), the 
eggs being hatched out in 42-48 days. The precautions taken 
seem to have been absolutely satisfactory, and the fact of the 
power of self-fertilisation appears established as far as Avion atm 
is concerned. 

Braun took young individuals of Limnaea auricvXavia on the 
day they were hatched out, and placed them singly in separate 
vessels with differing amounts of water. This was on 15 th June, 
1887. In August 1888 specimen A had only produced a little 
spawn, out of which three young were hatched; specimen B 
had produced four pieces of spawn of different sizes, all of which 
were hatched ; specimen C, which happened to be living with 
three Planorhu, produced five pieces of spawn distinctly Lim- 
naeidan, but nothing is recorded of their hatching. Self- 
impregnation, therefore, with a fruitful result, appears estab- 
lished for this species of Limnaea} 

Beproduetion of Lost Parts. — When deprived of their 
tentacles, eyes, or portions of the foot, Mollusca do not seem to 
sufter severely, and generally reproduce the lost parts in a short 
time. If, however, one of the ganglia is injured, they perish. 
Certain of the Mollusca possess the curious property of being 
able to amputate certain parts at will When Prophysaony a 
species of Californian slug, is annoyed by being handled, an 
indented line appears at a point about two-thirds of the length 
from the head, the line deepens, and eventually the tail is 
shaken completely off. Sometimes the Prophysaon only threatens 
this spontaneous dismemberment ; this line appears (always 
^ Kaehr» DeuUeh. Maiak, QtatlL xx. p. 146. 
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exactly in the same place), but it thinks better of it, and the 
indentation proceeds no further.^ According to Oundlach,* 
Sdix impeirator and H, crenildbru, two large species from Cuba, 
possess the same property, which is said to be also character- 
istic of the subgenus Stenopua (W. Indies). Amongst marine 
species, Bdrpa ventricosa and Solen Miqua have been observed 
to act in a similar way, Harpa apparently cutting off the end of 
the foot by pressure of the shell. Karl Semper, in commenting 
on the same property in species of Hdicarion from the Philp- 
pines (which whisk their tail up and down with almost convul- 
sive rapidity, until it drops off), considers® it greatly to the 
advantage of the mollusc, since any predacious bird which 
attempted to seize it, but only secured a fragment of tail, would 
probably be discouraged from a second attack, especially as the 
Hdicarion would meanwhile have had time to conc«9d itself 
among the foliage. 

Strength and Muscular Force. — The muscular strength of 
snails is surprisingly great. Sandford relates ^ an experiment on 
a Helix aapersa, weighing ^ oz. He found it could dng verti- 
cally a weight of 2^ oz., or nine times its own weight. Another 
snail, weighing ^ oz., was able to drag in a horizontal direction 
along a smooth table twelve reels of cotton, a pair of scissors, a 
screwdriver, a key, and a knife, weighing in all no less than 17 oz., 
or more than fifty times its own weight. This latter experiment 
was much the same as asking a man of 12 stone to pull a load 
of over tons. 

If a snail be placed on a piece of glass and made to crawl, it 
will be seen that a series of waves appear to pursue one another 
along the under surface of the foot, travelling from back to 
front in the direction in which the animal is moving. Simroth 
has shown that the sole of the foot is covered with a dense net- 
work of muscular fibres, those which run longitudinally being 
chiefly instrumental in producing the undulatory motion. By 
means of these muscles the sole is first elongated in front, and 
then shortened behind to an equal extent. Thus a snail didea, 
not on the ground, but on its own mucus, which it deposits 
mechanically, and which serves the purpose of lubricating the 

^ Raymond, Nmtilua^ It. p. S, 

• Quoted by Oehlert, Se, xxxviii. p. 701. 

• Animal L^e, Intern, Seien^f, Ser, ed. 1, p. 896. * Zodtogiet^ 1SS6, p. 49L 
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ground on which it travela It has been calculated that an 
average sized snail of moderate pace progresses at the rate of 
about a mile in 18 days 14 hours.^ 

Sudden Appearance of Mollneca. — It is very remarkable 
to notice how suddenly Fulmonata seem to appear in certain 
districts where they have not been noticed before. This sudden 
appearance is more common in the case of fresh-water than of land 
Molluscs, and there can be little doubt that, wherever a new pond 
happens to be formed, unless there is something in its situation 
or nature which is absolutely hostile to molluscan life, Mollusca 
are obtain to be found in it sooner or later. " Some 23 years 
ago,” writes Mr. W. Nelson,^ " I was in the habit of collecting 
shells in a small pond near to the Black Hills, Leeds At that 
time the only molluscan forms found there were a dwarf form of 
Sphaerium lacustre^ Pisidium puaillum, Planorhis ruiutileus, and 
Limnaea peregra. About 10 years ago I resumed my visits to 
the locality, and found, in addition to the species already 
enumerated, Planorhis corneus. These were the only species found 
there until this spring [1883], when, during one of my frequent 
visits, I was surprised to find Physa fontinalis and Planorhis 
vortex were added to the growing list of species. Later on PL 
carinxituSy Idmnaea stagncdis, and Ancylvs Icxustris turned up; 
and during J une, PL contortus was found in this small but prolific 
pond.” Limnaea glutiTiosa is prominent for these remarkable 
appearances and disappearances. In 1822 this species suddenly 
appeared in some small gravel pits at Bottisham, Cambs., in 
such numbers that they might have been scooped out by hand- 
fuls. After that year they did not appear numerous, and after 
three or four seasons they gradually disappeared.® Physa 
(Aplecta) hypnorum is noted in a similar way. In February 1852, 
for instance, after a wet month, the water stood in smaU puddles 
about 3 feet by 2 in a particular part of Bottisham Park 
which was sometimes a little swampy, though usually quite dry. 
One of these puddles was found to contain immense numbers of 
the Aplecta, which up to that time had not been noted as occur- 
ring in Cambridgeshire at alL^ In a few days the species entirely 
disappeared and was never again noticed in the locality.^ 

^ Thomas, quoted by Jeffreys, BrU, Conch, i p, 80« ^ Joum. of Conch, iv. p. 117, 

* Rev. L. Jenyns, GhsenalwM in Nai. p. 318. ^ Id. it. p. 310. 

* Further detail^ examples will be found in Kew, The Bitpersal of ShdU^ pp. 5-26. 
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Writing to the Zoological Society of London from Nsw 
Caledonia, Mr. £. L Layard remarks;^ ''The West Indian 
species Sienogyra octona has suddenly turned up here in 
thousands; how introduced, none can telL They are on a 
coffee estate at Kanala on the east coast. I have made in- 
quiries, and cannot find that the planter ever had seed coffee 
from the West Indies. All he planted came from Bombay, and 
it would be interesting to find out whether the species has 
appeared there also.” 

Sometimes a very small event is sufficient to disturb the 
natural equilibrium of a locality, and to become the cause either 
of the introduction or of the destruction of a species. In 1883 
a colony of Helix sericea occupied a portion of a hedge bottom 
twenty yards long near Newark. It scarcely occurred outside 
this limit, but within it was very plentiful, living in company 
with H nemoralie, JSf hortensis, H hispida, H. roturidata, Hyalinia 
cellaria and Hy, nitidvla^ and Cochlicopa luhrica. In 1888 the 
hedge was well trimmed, but the bottom was not touched, and 
the next year a long and careful search was required to find 
even six specimens of the sericea,^ 

Showers of Shells. — Helix virgcUa, H caperata, and Cochli- 
cella acuta sometimes occur on downs near our sea-coasts in such 
extraordinary profusion, that their sudden appearance out of 
their hiding-places at the roots of the herbage after a shower of 
rain has led to the belief, amongst credulous people, that they 
have actually descended with the rain. There seems, however, no 
reason to doubt that Mollusca may be caught up by whirlwinds 
into the air and subsequently deposited at some considerable 
distance from their original habitat, in the same way as frogs 
and fishes. A very recent instance of such a phenomenon 
occurred^ at Paderborn, in Westphalia, where, on 9lh August 
1892, a yellowish cloud suddenly attracted attention from its 
colour and the rapidity of its motion. In a few moments it 
burst, with thunder and a torrential rain, and immediately after- 
wards the pavements were found to be covered with numbers of 
Amdonta aTmtina, all of which had the shell broken by the 
violence of the fall It was clearly established that the shells 

* P. Z, S, 1S8S, p. 358. W. A. Gain, Xaturahat^ 1889, p. 68. 

’ Das WetUTf Dec. 1892. Another case is recorded in Aititer, NaL iiL |k. 
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could not have been washed into the streets firom any adjacent 
river or pond^ and their true origin was probably indicated 
when it was found that the funnel-shaped cloud which burst 
over the town had passed across the one piece of water near 
Paderbom, which was known to contain the AnodotUa in 
abundanca 

Oases of Singular Habitat — Mollusca sometimes accustom 
themselves to living in very strange localities, besides the 
extremes of heat and cold mentioned above (pp. 23-24). In the 
year 1852, when some large waterpipes in the City Boad, near 
St Luke's Hospital, were being taken up for repairs, they were 
found to be inhabited in considerable numbers by NeritiTui 
jluviaMis and a species of LimTiaea} Dreissensia polymorpha 
has been found in a similar situation in Oxford Street, and also 
in Hamburg, and has even been known to block the pipes and 
cisterns of private houses. In an engine cistern at Burnley, 
60 feet above the canal from which the water was pumped 
into the cistern, were found the following species : Sphaerium 
comeum, S. lacustre; Valvaia piscinalia, Bitkynia Untaovlata ; 
Limnaea peregra, very like Sticcinea in form and texture; 
PlanorbU allms, P, eorneus, P. nitidus, P, glaber, and thousands 
of P. dUoMus, much larger than the forms in the canal below, 
a fact probably due to the equable temperature of the water in 
the cistern all the year round.^ In certain parts of southern 
Algeria the &esh-water genera Mdania and Mdanopais inhabit 
abundantly waters so surcharged with salt that the marine 
Cardium ediUe has actually become extinct from excess of brine. 
The common Mytilus edtUis is sometimes found within the 
branchial chamber and attoched to the abdomen of crabs 
{Carcinvs maenas), which are obliged to carry about a btu’den 
of which they are powerless to rid themselves (see p. 78), A 
variety of the common Limnaea peregra lives in the hot water 
of some of the geysers of Iceland, and has accordingly been 
named geieericola, 

UndArground Snailfl. — Not only do many of the land Mollusca 
aestivate, or hibernate, as the case may be, beneath the surface of 
the soil, but a certain number of species live permanently under- 
ground, like the mole, and scarc-ely ever appear in the light of 
^y. Our own little Caecilianella adcula lives habitually from 

^ Zooloffittf X. p. 8480. ^ Seienoe Oouip, 1888, p. 281. 
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1 to 3 feet below ground, appearing to prefer the vicinitj of 
graveyards. Testacella, the oamivorous slug, scarcely ever appears 
on the surface during the day« except when driven by excessive 
rain, and even then it lurks awhile under some protecting cover 
of leafage. There is a curious little Hdw (tristis Pfr.), peculiar 
to Corsica, which is of distinctly subterranean habits. It lives 
in drifted sand above high-wat^ mark, always at the roots of 
Oenista Scdtzmanni, at a depth which varies with the tempera- 
ture and dryness of the air. In hot and very dry weather it 
buries itself nearly 2 feet below the surfcu^e, only coming up 
during rain, and burying itself again immediately the rain is 
over. Like a Solen, it often has a hole above its burrow, by 
which it communicates with the air above, so as to avoid being 
stifled in the sand. The animal, in spite of its dry habitat, is 
singularly soft and succulent, and exudes a very glutinous 
mucus. It probably descends in its burrow until it arrives at 
the humid stratum, the persistence of which is due to the capil- 
larity of the sand.^ I am assured by Mr. E. L. Layard that 
precisely similar underground habits are characteristic of Coeli- 
axis Layardi, which lives exclusively in sand at the roots of 
scrub and coarse grass at East London. 

Bock-boring Snails. — Cases have sometimes been recorded, 
from which it would appear that certain species of snails possess 
the power of excavating holes in rocks to serve as hiding-places. 
At Les Bois des Boches, ten miles from Boulogne, occur a 
number of solid calcareous rocks scattered about in the wood. 
The sides of the rocks which face N.E. and E. are covered 
with multitudes of funnel-shaped holes, inch in diameter at 
the opening and contracting suddenly within to ^ inch. Some- 
times the holes are 6 inches deep, and terminate, after considerable 
windings, in a cup-shaped cavity. Helix hortensis inhabits these 
holes, and has been observed to excavate them at the rate of 
^ inch each hibernation, choosing always the side of the rock 
which is sheltered from the prevailing rains. It does not form 
an epiphragm, but protrudes part of its body against the rock. 
That the snails secrete an acid which acts os a solvent seems 
probable from the fact that red litmus paper, on being applied to 
the place where the foot has been, becomes stained with violet.^ 

^ ll(^coq, Joum. de Oonck, ii. p. 146. 

^ Bouchard -Chantemax, Ann. Sci. I/iut. ZooL. (4) xvi. (1661) p. 197. 
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Helix aspersa is said to excavate holes 10 to 12 cm. deep 
at Constantine,^ and H Mazsstdlii is recorded as perforating 
limestone at Palermo.^ 

Snails as Barometers. — ^An American writer of more than 
thirty years ago* gave his experience of Helices as weather- 
prophets. According to him, H. alternata is never seen abroad 
except shortly before rain ; it then climbs on the bark of trees, 
and stations itself on leaves. Helix clausa, H ligera, H penn- 
sylvanica, and H elevata climb trees two days before rain, if it 
is to be abundant and continuous. Succinea does the same, and 
its body is yellow before rain and bluish after it. Several of the 
Helices assume a sombre colour after rain, when their bodies 
are exceedingly humid ; after the humidity has passed off they 
resume a clearer and lighter tint. 

Production of Musical and other Sounds. — Certain molluscs 
are said to be capable of producing musical sounds. Sir J. E. 
Tennent describes his visit to a brackish- water lake at Batticaloa, 
in Ceylon, where the fishermen give the name of the ‘ crying 
shell* to the animal supposed to produce the sounds. "The 
sounds,** he says,* "came up from the water like the gentle 
thrills of a musical chord, or the faint vibrations of a wine-glass 
when its rim is rubbed by a moistened finger. It was not one 
sustained note, but a multitude of tiny soimds, each clear and 
distinct in itself; the sweetest treble mingling with the lowest 
bass. On applying the ear to the woodwork of the boat, the 
vibration was greatly increased in volume. The sounds varied 
considerably at different points as we moved across the lake, 
and occasionally we rowed out of hearing of them altogether.*’ 
According to the fishermen, the shells were Pyrazus palustris 
and Littorina laevis. It appears uncertain whether the sounds 
are really due to Mollusca. Fishermen in other parts of India 
assert that the sounds are made by fish, and, like those in 
Ceylon, produce the fish which they say ' sings.* The same, or a 
similar sound, has also been noticed to issue from the water in 
certain parts of Chili, and on the northern shores of the Gulf of 

^ Ford, Ann, SeL Nal. (3) xx. p. 576; Brotonnifere, CompUa Bendm, evii. 
p. 566. 

Brit. ’Mus. Collection. 

^ Thomns, quoted by in Joutn. de CioncA. vii. 1858, p. 178. 

* HUL of Ceylon, p. 382. See also T. L. Taylor, lltp, BriL Ass. for 1848, 
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Mexico. DeTidronotuB arborescens, when confined in a glass jar 
of sea water, has been noticed ^ to emit a sound like the clink of 
a steel wire. According to Iieut.-CoL Portlock,^ Hdix 

aperta, a very common species in South Europe, has the property 
of emitting soimds when irritated. When at Corfu, he noticed 
that if the animal is irritated by a touch with a piece of straw 
or other light material, it emits a noise, as if grumbling at 
being disturbed. He kept a specimen in his house for a con- 
siderable time, which would make this noise whenever it was 
touched. 

The Eev. H. G. Barnacle describes the musical properties of 
Achaiinella in the following terms : ® “ When up the mountains 
of Oahu I heard the grandest but wildest music, as jfrom 
hundreds of Aeolian harps, wafted to me on the breezes, and 
my companion (a native) told me it came from, as he called 
them, the singing shells. It was sublime. I could not believe 
it, but a tree close at hand proved it. On it were many of the 
Achaiinella, the animals drawing after them their shells, which 
grated against the wood and so caused a sound ; the multitude 
of sounds produced the fanciful music. On this one tree I took 
7 0 shells of all varieties.” 

Habits of the Agnatha. — Not much is known of the habits 
and mode of life of the Agnatha, or carnivorous Land MoUusca. 
In this country we have only two, or at most three, of this 
group, belonging to the genus Testacella, and, in all probability, 
not indigenous to our shores. There seems little doubt, when 
all the circumstances of their discovery are taken into account, 
that both Testacella haliotidea and T, Maugei have been 
imported, perhaps from Spain or Portugal in the first instance, 
along with roots imbedded in foreign earth, for their earliest 
appearances can almost invariably be traced back to the neigh- 
bourhood of large nursery grounds, or else to gardens supplied 
directly from such establishments. 

The underground life of Testacella makes observation of its 
habits difficult. It is believed to feed exclusively on earth- 
worms, which it pursues in their burrowa Continued wet 
weather drives it to the surface, for though loving damp soil it 

^ Dr. R. E. Grant, Edirtb. Phil, Jonm, xiv. p. 188. 

‘ llap, Brit, Ass, for 1848, p. 80. The statement is confirmed by Rossmi&ssler, 

* Joura, of Cojich, iv. p. 118. 
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is decidedly averse to too much moisture, and under such cir- 
cumstances it has even been noticed ^ in considerable numbers 
crawling over a low wall In the spring and autumn months, 
according to Lacaze-Duthiers,* it comes to the surface at night, 
hiding itself imder stones and debris during the day. Earth- 
worms are, at these periods, nearer the surface, and the Testacella 
has been seen creeping down into their burrows. The author 
has taken T. Maugei abundantly under clumps of the common 
white pink in very wet weather, lying in a sort of open nest in 
the moist earth. On the other hand, when the earth is baked 
dry by continued drought, they either bury themselves deeper, 
sometimes at a depth of 3 feet, in the ground, or else become 
encysted in a capsule of hardened mucus to prevent evaporation 
from the skin. When first taken from the earth and placed in 
a box, the Testacella invariably I’esents its capture by spitting up 
the contents of its stomach in the shape of long fragments of 
half-digested worms. 

It appears not to bite the worm up before swallowing it, but 
contrives, in the most remarkable manner, \a) take down whole 

t ^ 


po 

Fia. 2Q.^TestaceUa fudiotidea Drap., protnuling its pharynx (ph) and radula (r) ; 
oe, oesopliagus ; p.o, pulnionary orifire ; .s7/, tentacles (after Ijaciizc- 

Duthiers). 



worms apparently much too large for its stomach. Mr. Butterell 
relates^ that, after teasing a specimen of T, Maugei, and making 
it emit a quantity of frothy mucus from the respiratory aperture, 
he procured a worm of about three inches long, and rubbed the 
worm gently across the head of the Testacella. The tongue was 
rapidly extended, and the victim seized. The odontophore was 
then withdrawn, carrying with it the struggling worm, which 
made every effort to escape, but in vain ; in about five minutes all 
had di8api)eared except the head, which was rejected. This 
protrusion of the tongue {radvla) and indeed of the whole 

* Zoologist, 1887, p. 29. - Arcdt^ Zooh Exp. Ofn. (2) v, p. 4r»9 f, 

5* Joutn. uf (Jmuk, iii. p. 277 ; conii»arw W. M. Wcbli, ZdoloffiHt, 1893, p. 281. 
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pharynx, is a very remarkable feature in the* habits of the 
animal. It appears, as it were, to harpoon its prey by a rapid 
thrust, and when the victim is once pierced by a few of the 
powerful sickle-shaped teeth (compare chap, viii.) it is slowly but 
surely drawn into the oesophagus (Fig. 20). 

Most gardeners are entirely ignorant of the character of 
Teatacella, and confuse it, if they happen to notice it at all, witli 
the common enemies of their tender nurslings. Cases have been 
known, however, when an intelligent gardener has kept specimens 
on purpose to kill worms in ferneries or conservatories. In some 
districts these slugs are very numerous ; Lacaze-Duthiers once dug 
182 specimens from a good well-manured piece of ground whose 
surface measured only ten square yards. 

Towards the end of September or beginning of October the 
period of hibernation begins. I infer this from the behaviour of 
specimens kept in captivity, which, for about a fortnight before 
this time, gorged themselves inordinately on as many worms as I 
chose to put into their box, and then suddenly refused food, buried 
themselves deeply in the earth, and appeared no more during the 
winter. The eggs are apparently much less numerous than is the 
case with Idmax or Helix, and very large, measuring about ^ inch 
in diameter. They are enveloped in a remarkably tough and 
elastic membrane, and, if dropped upon any hard sm’face, rebound 
several inches, just like an india-rubber ball. 

The animal creeps rather rapidly, and has the power of 
elongating its body to a remarkable extent. Wlien placed on the 
surface of the ground, in the full light of day, it soon betrays 
uneasiness, and endeavours to creep into concealment. Its method 
of burying itself is very interesting to watch. It first elongates 
its neck and inserts its head into the soil ; gradually the body 
begins to follow, while the tail tilts upwards into the air. No 
surface motion of the skin, no writhing or wriggling motion of 
any kind occurs ; the creature simply works its way down in a 
stealthy and mysterious way, until at last it is lost to view. 

The great Olandina, which attain their maximum develop- 
ment in Mexico and the southern United States, are a very 
noticeable family in this group. According to Mr. Binney,^ 
OlandiTui trumata Gmel., one of the commonest species of the 
genus, is somewhat aquatic in its habits. It is found in the sea 

^ BalL Mu 8. Cinnp, Zool, Uarv, iv. p. 85. 
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islands of Georgia and around the keys and everglades of Florida, 
where it attains a maximum length of 4 inches, while in less 
humid situations it scarcely measures more than 1 inch. It 
occurs most abundantly in the centre of clumps and tussocks of 
coarse grass in marshes close to the sea-coast. By the action of 
the sharp, sickle-shaped teeth of its radula the soft parts of its 
prey (which consists chiefly of living Helices) are rapidly rasped 
away ; sometimes they are swallowed whole. It has been known 
to attack Limdx when confined in the same lx)x, rasping off large 
pieces of the integument. In one case an individual was noticed 
to devour one of its own species, thrusting its long neck into the 
interior of the shell, and removing all the viscera. 



Fig. 21 . — Olandina smverhyana Vir. (Strebel). 


The Glandiruie of -southern Europe, although scarcely rivalling 
those of Central America in size or beauty, jKissess similar 
carnivorous propensities. Glandina Poireti has been observed,^ 
on Veglia Island, attacking a living Cyclostoina elegans. By its 
powerful teeth it filed through two or three whorls of the shell 
of its victim, and then proceeded to devour it, exactly in the 
same manner as a Natica or Buccinum perforates the shell of a 
Tdlina or Mactra in order to get at its contents. 

Few observations appear to have been made on the habits 
or food of Streptaxis, Bhytida^ JSnnea, Baudehardia, Paryphanta, 
and other carnivorous Mollusca. A specimen of Ennea sulcata, 
enclosed in the same box as a Madagascar HcHx {sepulchralis 
F^r.) many times its own size, completely emptied the shell of 
its inhabitant.® Mr. E. L I^yard informs me that certain Cape 
Rhytida, e.g, R, capsula Bens., R. duwMicola Bens., and R. verni- 
eosa Kr., eat Cydostoma affine, Helix capensis, H cotyledonis, etc. 
To Mr. Layard I arn also indebted for the — perhaps apocryphal — 
tradition that the l)e8t time to capture the great Aerope caffra 


’ ICrjavoc, Nadir. Ikiduch. Malak. fkmll. 1885, ]>. 88. 
“ Cnissc, Jmirn. da Couch, (8) xiv. (1874) p. 223. 
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Fdr. in numbers was after an engagement between the Kaffirs 
and Zulus, when they might be observed streaming from all points 
of the compass towards the field of slaughter. The Cuban 
OleaciTui are known to secrete a very bitter fluid which they 
emit; this perhaps produces a poisoning or benumbing effect 
upon their victims when seized. They devour operculates, e.ff. 
ffelieina regina and sagraiana ^ 

^ C. Wriglit, Zoologist^ 1869, p. 1706. 
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ENEMIES OF THE MOLLUSCl— MEANS OF DEFENCE— MIMICRY AND 
PROTECTIVE COLORATION— PARASITIC MOLLUSCA— COMMEN- 
SALISM — VARUTION. 

Enemies of the Uollnsca 

The juicy flesh and defenceless condition of many of the MoUusca 
make them the favourite food and often the easy prey of a host of 
enemies besides man. Gulls are especially partial to bivalves, and 
may be noticed, in our large sandy bays at the recess of the tide, 
busily devouring Tdlina, Mactra, Mya, Syndosmya, and Solen. On 
the Irish coast near Drogheda a herring gull has been observed ^ 
to take a large mussel, fly up with it in the air over some shingly 
ground and let it fall On alighting and finding that the shell 
was unbroken it again took it up and repeated the process a 
nmnber of times, flying higher and higher with it until the shell 
was broken. Hooded crows, after many unavailing attempts to 
break open mussels with their beak, have been seen to behave 
in a similar way.* Crows, vultures, and aquatic birds carry 
thousands of mussels, etc., up to the top of the mountains above 
Cape Town, where their empty shells lie in enormous heai>.s 
about the cliffs.® 

The common limpet is the favourite food of the oyster- 
catcher, whose strong bill, with its flattened end, is admirably 
calculated to didodge the limpet from its seat on the rock. 
When the limpet is young, the bird swallows shell and all, and 
it has been calculated that a single flock of oyster-catchers, 
frequenting a small Scotch loch, must consume hundreds ol 

‘ W. V. Leggc, Zoologid, 1866, p: 190. ^ Blackball, Semreka, p. ISO 

’ Barrow, TraxtU h SotUh Afrita, ii p. 67i 
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thousands of limpets in the course of a single year. Bats are 
exceedingly fond of limpets, whose shells are frequently found in 
heaps at the mouth of rat holes, especially where a cliff shelves 
gradually towards a rocky shore. A rat jerks the limpet off with 
a sudden movement of his powerful jaw, and, judging from the 
size of the empty shells about the holes, has no difficulty in 
dislodging the largest specimena ‘I once landed,* relates a 
shepherd to Mr. W. Anderson Smith, ^ ‘on the I. of Dun- 
staffnage to cut grass, and it was so full of rats that I was afraid 
to go on; and the grass was so full of limpets that 1 could 
scarcely use the scythe, and had to keep sharpening it all the 
time.* Sometimes, however, the limpet gets the better both of 
bird and beast. The same writer mentions the case of a rat 
being caught by the lip by a limpet shell, which it was trying 
to dislodge. A workman once observed* a bird on Plymouth 
breakwater fluttering in rather an extraordinary manner, and, on 
going to the spot, found that a ring dotterel had somehow got 
its toe under a limpet, which, in closing instantly to the rock, 
held it fast. Similar cases of the capture of ducks by powerful 
bivalves are not uncommon, and it is said that on some parts of 
the American coasts, where clams abound, it is impossible to keep 
ducks at all,^ for they are sure to be caught by the molluscs and 
drowned by the rising tide. 

The Weekly Bulletin of San Francisco, 17th May 1893, con- 
tains an account of the trapping of a coyote, or prairie wolf, 
at Punta Banda, San Diego Co., by a Haliotis Cracherodii, The 
coyote had evidently been hunting for a fish breakfast, and 
finding the Haliotis partially clinging to the rock, had inserted 
his muzzle underneath to detach it, when the Haliotis instantly 
closed down upon him and kept him fast prisoner. 

Eats devour the ponderous Uniones of North America. When 
Unio moves, the foot projects half an inch or more beyond the 
valves. If, when in this condition, the valves are tightly pinched, 
the foot is caught, and if the pinching is continued the animal 
becomes paralysed and unable to make use of the adductor 
muscles, and consequently flies open even if the pressui'e is 
relaxed. The musk-rat {Fiber zibethicus) seizes the Unio in his 
jaws, and by the time he reaches his hole, the Unio is ready to 

^ Loch Creraiiy p. 302. * Cordeaux, Zoologist^ 1873, p. 3396. 

3 A^ncr, Nat xii. p. 695 ; Sfiioftce Gossip, 1865, p. 79. 
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gape,^ Eats also eat Vivipara, and even Limnaeay in every part 
of the world. 

Every kind of slug and snail is eaten greedily by blackbirds, 
thrushes, chaffinches, and in fact by many species of birds. A 
thrush will very often have a special sacrificial stone, on which 
he dashes the shells of Helix aspersa and nemoralUy holding 
them by the lip with his beak, until the upper whorls are broken ; 
heaps of empty shells will be found lying about the place of 
slaughter. The bearded Titmouse {Parus hiarmicvs) consumes 
quantities of Succima putris and small Pupa, which are swallowed 
whole and become triturated in the bird's stomach by the aid of 
numerous angular fragments of quartz.^ 

Frogs and toads are very partial to land Mollusca. A garden 
attached to the Laboratory of Agricultural Chemistry at Eouen 
had been abandoned for three years to weeds and slugs. The 
director introduced 100 toads and 90 frogs, and in less than a 
month all the slugs were destroyed, and all kinds of vegetables 
and flowers, whose cultivation had until then been impossible, 
were enabled to flourish.® 

Certain Coleoptera are known to prey upon Helices and 
other land Mollusca. E<5cluz noticed, near Agde, a beetle {Staphy- 
linue olens) attack Helix ericetorum when crawling among herb- 
age, sticking its sharp mandibles into its head. Every time 
the snail retreated into its shell the beetle waited patiently 
for its reappearance, until at last the snail succumbed to the 
repeated assaults. M. Lucas noticed, at Oran, the larva of a 
Drilua attacking a Cyclostoma. The Drilus stood sentinel at the 
mouth of the shell, which was closed by the opercidum, until the 
animal began to issue forth. The Drilus then with its mandibles 
cut the muscle which attaches the operculum to the foot, dis- 
abling it sufficiently to prevent its being securely closed, upon 
which it entered and took possession of the body of its defence- 
less host, completing its metamorphosis inside the shell, after a 
period of six weeks.* The female glow-worm {Lampyris Twctiluca) 
attacks and kills Helix nemordlis. 

Among the Clavicornia, some species of Silpha carry on a 
determined warfare against small Helices. They seize the shell 


> Journ. TrerU. N. U. Soc, 1887, p. 58. « ^nn. Nat. Hist. iii. 1893, pp. 288, 239. 

* Rsv. Nat. Sc. Quest, 1891, p.. 261. 

♦ Petit de la Saussaye, Jowm. de Conch, iii. p. 97 f. 
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in their mandibles, and then, throwing their head backwards, 
break the shell by striking it against their prothorax. 

The common water beetle, Dytucus Toarginalia, from its 
strength and savage disposition, is a dangerous enemy to fresh- 
water Mollusca. One Bytiscus, kept in an aquarium, has been 
noticed to kill and devour seven Limnaea stagnalis in the course 
of one afternoon. The beetles also eat Z. peregra, but apparently 
prefer stagncdu, for when equal quantities of both species were 
placed within their reach, they fixed on the latter species first.^ 

In East Africa a species of Ichneumon {Herpestes fasciatus) 
devours snails, lifting them up in its forepaws and dashing them 
down upon some hard substance.* In certain islands off the south 
coasts of Burmah, flat rocks covered with oysters are laid bare at 
low tide. A species of Monkey (Macacus cynomolgus) has been 
noticed to furnish himself with a stone, and knock the oysters 
open, always breaking the hinge-end first, and then pulling out 
the mollusc with his fingers.® 

The walrus is said to support himself almost entirely on two 
species of Mya {truncata and arenaria), digging them out of the 
sand, in which they live buried at a depth of about 1^ feet, with 
his powerful tusks. Whales swallow enormous numbers of pelagic 
molluscs {Clio, Li'maciTia)^ which are at times so abundant in the 
Arctic seas, as to colour the surface for miles. Many of the 
larger Cetacea subsist in great part on Cephalopoda ; as many as 
1 8 lbs. of beaks of Teuthidae have been taken from the stomach 
of a single Hyperoodon, 

Fish are remarkably partial to Mollusca of various kinds. 
The cat-fish {Chimaera) devours Pectumulus and Cyprina, crush- 
ing the stout shells with its powerful jaws, while flounders and 
soles content themselves with the smaller Tellina and Syndosmya 
which they swallow whole. As many as from 30 to 40 speci- 
mens of Bmcinum undatum have been taken from the stomach 
of a single cod, and the same ^ habitat ’ has been recorded for 
some of the rarer whelks, e.g, Bucc. humphreysianum, Fusus 
fenestratvs, the latter also occurring as the food of the haddock 
and the red gurnard. No less than 36,000 Turtonia minuta 
have been found in the stomach of a single mullet. Nudibranchs 
are no doubt dainty morsels for fish, and hence have developed, 

* J. W. Williams, Science Gossip^ 1889, p. 280. * Noack, Zoo!, JB, ii. p. 254. 

* La Nature, xv. (2) p. 46. 
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ill many oases, special faculties for concealment, or, if distasteful, 
special means of remaining conspicuous (see pp. 71-74). 

Besides the dangers to which they are exposed from other 

enemies, many of the weaker 
forms of Mollusca fall a prey to 
their own brethren. M^ssa and 
Murex on this side of the At- 
lantic, and Urpsalpinx on the 
other, are the determined foes 
of the oyster. ; Purpura lapillua 
prefers Mytilus edulis to any 
other food, piercing the shell in 
about two days time b) its 
powerful radula, whicli it ap- 
jMiars to employ somewhat in 
gimlet fashion. If Mytilus 
cannot l)e procured, it will eat 
Littorina or Trochus, but its 
attempts on the hard shell oi 
The statement which is some- 
times made, that the Purpura makes its hole over the vital parts 
of the MytikiSy appears, according to the evidence embodied in 
the annexed figure, to be without foundation. The fact is that 
a hole in any part of its sliell is fatal to the Mytilus, since tlie 
long proboscis of the Purpura, having onc^ made an entrance, 
citn reach from one end of the sliell to the other. The branchiae 
are first attitcked, the adductor muscles and edges of the mantle 
last. Natica and Nassa pierce in a similar way the shells of 
Maxtra, Telliua, Donax, \\i\A Venus. Murex fortispina is furnished 
with a powerful tooth at the lower part of its outer lip. At 
Noumea, in New Caledonia, its favourite food is Area pilosa, 
which lives half buried in coral refuse. The Murex has been 
seen to drag the Area from its place of concealment, and insert 
the tooth l)etween the valves, so as to prevent their closing, upon 
which it w?A8 enabled to devour its prey at leisure.^ 

The carnivorous land Mollusca, with the exception of Testa- 
cella^ appear to feed by preference upon other snails (pp. 54, 65). 

Parasitic Worms, Mites, etc. — A consideralde nmnlier oi' 
the Trematode worms pass one or more of the stages in the 
^ Fra)if;ois, Arch. Uin. (2) ix. ]». 240. 



Fio. 22. — valves of MytUiis edulis 
L., representing diagranimatically the 
approximate position of the holes 
bored by Purpura in alwut 100 speci- 
mens of Mytilus, gathered at New- 
quay, Cornwall. 

Patella are generally failures. 
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cycle of their development within the bodies of Mollusca. attain- 
ing to the more perfect or sexual form on reaching the interior 
of some vertebrate. Thus Distoma evdolabum Duj. finds its 
first intermediate host in LimTvaea sta^nalis and L, ovata, its 
second in X. stagnalu, or in one of the fresh -water shrimps 
{Gammarus pulex), or in the larvae of one of the Phryganeidax 
(^lAmnophilus rhombicus), attaining to the sexual form in the 
common frog, Distoma ascidia v. Ben. passes firstly through 
Limnaea stagnalis or Planorbis corneus, secondly through certain 
flies and gnats {Ephemera, Perla, Chironomus), and finally arrives 
within certain species of bats. Distoma nodulosum Zed. inhabits 
firstly Paludiim impura, secondly certain 
fishes {Cyprinus, Acerina), and lastly the 
common perch. The sporocyst of Distoma 
macrostomum inhabits Succinea putris, 
pushing itself up into the tentacles, which 
l)ecome unnaturally distended (Fig. 23). 

While in this situation it is swallowed by 
various birds, such as the thrush, wa^^ail, 

and blackbird, which are partial to Svxcinea, paradoxum Car. ) para- 
and thus obtains lodgment in their bodies. x20 

Amphistoma subclavatum spends an early (after Baudon). 
stage in Planorbis contortus, after which it 
l)ecomes encysted on the skin of a frog. When the frog sheds 
its skin, it swallows it, and with it the Amphistoma, which 
thus becomes established in the frog's stomach.^ 

The common liver-fluke, which in the winter of 1879-1880 
cost this country the lives of no less than tliree million sheep, is 
perhaps the best known of these remarkable parasitic forms of 
life. Its history shows us, in one important particular, how 
essential it is for the creature to meet, at certain stages of its 
existence, with the exact host to which it is accustomed. Unless 
the newly - hatched embryo finds a Limnaea trunxatula within 
about eight hours it becomes exhausted, sinks, and dies. It has 
been tried with all the otlier coimnon pond and river Mollusea, with 
Limnaea peregra, palustris, aurivularia, stagnalis, with PlaTiorhis 
maryinatus, carinatus, vortex, and spirorbis, with Physa fontinaiis, 
Bithynia tentacufata, Pdludina vivipara, as well as with Svxcinea 
putris, Limax agrestis and maxivius, Arion ater and hortensis, 
* A. Lang, Ber. Natv>if. Oes, Freik vi. 1892, p, 81. 




62 


WORMS PARASITIC IN MOLLUSCA 


CHAP. 


Not one of them would it touch, except occasionally very young 
specimens of X. peregra, and in these its development was arrested 
at an early stage. But on touching a X. truncaMa the embryo 
seems to know at once that it has got what it wants, and sets 
to work immediately to bore its way into the tissues of its 
involuntary host, making by preference for the branchial chamber; 
those which enter the foot or other outlying parts of the Limnaea 
proceed no farther,^ 

Many similar cases occur, in which littoral Mollusca, such as 
Littorina and Buccinum, form the intermediate host to a worm 
which eventually arrives within some sea-bird. 

Certain Nematode worms (Ehabditis) are known to inhabit 
the intestine of Arion, and the salivary glands of Limax agrestis. 
Diptera habitually lay their eggs within the eggs of JIdix and 
Limax, Many species of mite (Acarina) infest land Fulmonata. 
No adult Limax maximum is without at least one specimen of 
Philodromus (?) limacum, and the same, or an allied species, appears 
to occur on the larger of our Helices ^ retiring upon occasion into 
the pulmonary chamber. 

Several of the Crustacea live associated with certain molluscs. 
Pinnotheres lives within the shell of Pinna^ Ostrea, Astarte, 
Pectuncidvs, and others. Apparently the females alone reside 
within the shell of their host, while the males seize favourable 
opportunities to visit them there. A specimen of the great 
pearl-oyster {Meleagrina margaritifera) was recently observed 
which contained a male Pinnotheres encysted in nacre. It was 
suggested that he had intruded at an unfortunate time, when no 
female of his kind happened to be in, and that, having penetrated 
too far beneath the mantle in the ardour of his search, was made 
prisoner before he could escape.^ Ostracotheres Tridacnae lives 
in the branchiae of the great Tridacna. A little brachyurous 
crustacean inhabits the raft of lantkina, and assumes the brilliant 
blue colour of the mollusc. 

Means of Defence 

As a rule, among the Mollusca, the shell forms a passive 
mode of resistance to the attacks of enemies. Bivalves are 

* A. P. Thoinas, Q. J. Mier. Sc., N. S., xxiti. (1883) p. 09. 

H. Woodward, P. Z. S. 1886, p. 176. 
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enabled, by closing their valves, to baffle the assault of their 
smaller foes, and the operculum of univalves, both marine and 
land, serves a similar purpose. Many land Mollusca, especially 
Helix and Pupa^ as well as a number of Auriculidae, have the 
inside of the aperture Ijeset with teeth, which are sometimes so 
numerous and so large that it is puzzling to understand how the 
animal can ever come out of its shell, or, having come out, can 
ever draw itself back again. Several striking cases of these 
toothed apertures are given in Fig. 24. Whatever may be the 



Fiq. 24. — Illustrating the elaborate arrangement of teeth in the aperture of some land 
Pulmonata. A. Helix {Lo^yrinthua) hifurcata Desli., Equador. B. //. {PUuro- 
(ionta) picturata Ad., Jamaica. C. U. {Uentdlana) nux denliculata Chem., 
Demerara. D. A nostoma carinatum Pfr., Brazil ; a, tube communicating with 
interior of shell. E. H, {^eiiotrema) stenotrema Fer., Tennessee, x F. //. 
{Polygyra) auriculata Say, Florida, x f. G. H. {Pleciopylis) re/uga Gld., Tenas- 
aerim (a and b x 2). 

origin of these teeth, there can be little doubt that their extreme 
development must liave a protective residt in opposing a barrier 
to the entrance, predatory or simply inquisitive, of beetles and 
other insects. Sometimes, it will he noticed ((?), the aperture 
itself is fairly simple, but a formidable array of obstacles is 
encountered a little way iu. It is possible that the froth emitted 
by many land snails has a similar effect in involving an irritating 
intruder in a mass of sticky slime. The mucus of slugs and 
snails, on the other hand, is more probably, besides its use in 
facilitating hxximotion, a contrivance for checking evaiKiration, 
by surrounding the exposed parts of their Ixxiies with a viscid 
inedium. 

Some species of Lima shelter themselves in a nest constructed 
of all kinds of inariiu‘ refusi*,, held together l)y l»y8siferouH threads. 
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feeding Trochidae, which may perhaps be regarded as a link in 
the chain of gradually degraded forms which eventually termi- 
nate in the absence of the organ altogether. The softer the 
food, the less necessity there is for strong teeth to tear it ; the 
teeth either become smaller and more numerous, or else longer 
and more slender, and eventually pass away altogether. It is 
curious, however, that the same modified form of radula should 
appear in species of Ovula (e.g. ovum) and that the same absence 
of radula should occur in species of Eulima (e.g. polita) known 
to be not parasitic. This fact perhaps points back to a time 
when the ancestral forms of each group are parasitic and whose 
radulae were modified or waging, the modification or absence 
of that organ being continued in some of their non-parasitical 
descendants 

Commensalism 

Mollusca are concerned in several interesting cases of com- 
mensalism, or the habitual association of two organisms, as dis- 
tinguished from parasitism, where one form preys more or less 
upon the other. 

Mr. J. T. Marshall has given ^ an interesting account of the^ 
association of Montoucuta ferruginosa with Echinocardium cor- 
datum. The Echinoderm lives in muddy sand in Torbay, at a 
depth of about 6 inches, and the Montacuta lives in a burrow 
leading from its ventral end and running irregularly in a sloping 
direction for 3 or 4 inches, the burrow, which is made by a 
current from the Echinoderm, being almost exactly the width of 
the Montacuta, The Montacuta were always arranged in the 
burrows in order of size, the largest being close to the Echinoderm, 
and the smallest of a string of about six at the other end of the 
burrow. In another part of S. Devon, where the sand was soft 
and sloppy, the Echinocardia rise to the surface and travel 
along the sand; in this case the Montacuta were attached to 
their host by means of a byssus, and were dragged along as it 
travelled. 

The Rev. Dr. Norman has noted * a somewhat similai* habitat 
for Lepton squamosum. This rare little British species was found 
at Salcombe, living in the burrows of GeUa stellata, in all prob- 
ability feeding upon the secretions from the body of the crustaceait^ 

* Jofum. of Conch, vi. 1891, p. 899. ® Ann. Mag. N. U. (6) vii. p. 276. 
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Br. Norman suggests that the extreme flatness of the shell of the 
L^ton is of great advantage in enabling it not to get in the way 
of the GM,a as he scuttles up and down his burrow. Another 
species of Lepton is found on the coast of Florida in a precisely 
similar locality,^ while a third species, occurring on the Oregon 
and California coasts, actually attaches itself to the inner surface 
of the abdomen of a Gehia.^ 

A very singular case of commensalism has been recently dis- 
covered with regard to a genus of Australian bivalve shells, 
JEphippodonta, This genus is never found except in the burrow 
of a species of prawn {Axius plectorhymhus Str.). For some 
reason at present unexplained, the burrow of this particular 
prawn appears to be exceedingly popular as a habitat for certain 
bivalves, for, besides two species of Ephippodonta, a Kellia and 



Fio. 32. — Epkippodcnta Mac- 
dougalli Tate, S. Australia. 
A, burrow of prawn, the x 
indicating the position of the 
mollusc ; sponge. B, 
Ventral view of Ephippo^ 
donta ; hy^ Ijyssus ; /, foot ; 
9n, mantle ; mm, fused mantle 
borders. C, View of interior 
of shells ; A, binge ; mW, 
adductor muscles. (A x } ; 
B and C x 2. ) 


three Mylitta are found there, and tliere alone. Sometimes the 
prawn, when the rock is hard, builds a tunnel of mud upon it, 
at other times it excavates the soft calciferous sandstone. " This 
burrow is lined with a tenacious brown mud, composed of excre- 
inentitious matter ; and, in addition to the mud lining, there is 
always more or less present an orange-coloured sponge which I 
have never found elsewhere. Upon the mud or sponge, and 
adhering very closely, are found the Ephippodonta, They quickly 
form a pit -like depression by means of their foot, and apfiear 
almost covered by the mud.” During the winter mouths (Mai'ch— 


^ Stimpson, qnoted by Jeffreys, Brit Condi* ii. 194. 
^ Stiin|i8oii, Joum* Bo^* Soc* iv. H, vi. 1857, 48. 
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July) the prawn appears to fill his burrow, possibly as a 
provision against stormy weather, with large quantities of minced 
seaweed, underneath which immense numbers of very young 
Ephippodonta are found living.^ The extreme flatness of the 
Ephippodonta must be due to the same cause as the flatness of 
the Lepton noticed above, namely, the necessity of not impeding 
or interfering with the lively motions of the prawn. In the case 
of Lepton the two valves close completely and the shell is still 
very flat, in Ephippodonta, on the other hand, the same result 
is produced by the valves being opened to their widest possible 
extent. As in Entovalva, a continuation of the mantle covers 
the outer surface of the shell. 

Variation 

It is a familiar experience to the student, not only of the 
Mollusca, but of every branch of animal or vegetable life, to 
come across examples which exhibit certain slight deviations 
from the type form as usually understood. These deviations 
may be more or less pronounced, but, as a rule, a series of forms 
can be discovered, gradually leading up to or down from the 
type. The definition of what constitutes a species, — and, still 
more, the rigid application of such definition — will always 
remain a difficult task, so long as the personal element persists 
in him who defines.^ What seems to one authority ample 
ground for distinction of species, another may regard as of 
comparatively trivial importance. The practical outcome of 
these divergent views is sufficiently illustrated by the attitude 
of Mr. F. P. Marrat on the one hand, and of what may be called 
the modern French school of conchologists on the other. Mr. 
Marrat holds, or held, that the great genus Nassa, of which more 
than 150 species are generally recognised, is one shell (species) 
in an endless variety of forms. The modern French school go to 
the other extreme, and apparently proceed upon the view that 
almost any difference in form, however slight, is sufiicient to con- 
stitute a separate species. 

It will be generally admitted, however, that some structural 

^ E. H. Mattlicws, Conchologist, ii. p. 144. 

Thus Limnaea involuta, which is almost iinivcrsalJy regarded as a good and 
distinct species, has been held to be no mure thun a variety ol L, ^vc<jv<x produced 
by locality ; see Zoologist, 1889, p. 164. 
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difference in the organisation of the animal (as distinct from that 
of the shell alone) is necessary for the permanent constitution of 
specific rank.^ What amourU of structural difference is required, 
what particular organ or organs must exhibit this difference, will 
depend largely upon the idiosyncrasy of the observer. But if 
this, or something like this definition of a species be accepted, 
it will follow that a so-called ‘variety* will be a form which 
exhibits differences from the type which do not amount to per- 
manent structural differences in the organisation of the animal 
The final court of appeal as to what affords sufficient evidence for 
‘permanent structural differences* will have to be, as with 
Aristotle of old, the judgment of the educated mam 

It is, however, more to our present purpose to discuss the 
eauees of variation than to lay down definitions of what variation 
is. One of the most obvious causes of variation lies in a change 
or changes in the environment. If we may assume, for the 
moment, that the type form of a species is the form which is the 
mean of all the extremes, and that this form is the resultant of 
all the varied forces brought to bear upon it, whether of food, 
climate, temperature, competition of numbers, soil, light, amount 
of water, etc., it will follow that any change in one or more of 
these forces, if continuous and considerable, any change, in other 
words, of the environment, will produce its effect upon the 
organism in question. And this effect will be for the better or 
for the worse, according to the particular nature of the change 
itseK as tending towards, or away from, the optimum of environ- 
ment for the species concerned. Hence may be produced varieties, 
more or less marked according to the gravity of the change, 
although it must be noted that at times a change apparently 
imimportant from our point of view, will produce very marked 
results upon the species. It is indeed scarcely possible to predict 
with any certainty, in the present state of our knowledge (beyond 
certain broad results) what will be the particular effect upon a 
species of any given change in its surroundings. 

Effects of Change in the Environment as tendiiig to 
produce Variation. 

(a) Changes in Climate, Temperature, Elevation, etc. — In the 
eastern basin of the Baltic the marine MoUusca are much more 

J. W. Taylor, Jmm, of Comk. t. p. 289, an interesting article, witb many 
useful references. 
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stunted than in the western.^ For instance, Mytilus edulis near 
Kiel is 8-9 cm. long, while near Gothland it only attains a 
length of 3-4 cm. Mollusca living at only a shallow depth (e.g. 
Tellina halthica, Mya arenaria, Cardium eduh) do not differ 
much in size in different parts of the Baltic, but in the far 
eastern basin the calcareous layers of the shells of Mya artnatia 
and TelliruL halthica are extraordinarily thin, and disappear very 
rapidly after death, leaving only the cuticular membrane, still 
united by the ligament, in a perfect state of preservation. These 
remarkable variations are no doubt to a large extent due to the 
violent changes of temperature which are experienced in the 
Baltic, and by which the steady development of the animals in 
question is interrupted and thrown out of gear. The same species 
occur on the coasts of Greenland and Iceland, where they attain 
a considerably larger size than in the Baltic, in spite of the lower 
mean temperature, probably because their development is not 
interrupted by any sudden change from cold to heat or vice 
versd. 

Karl Semper has shown that Zimnaea atagnalis is developed, 
lives and feeds best in a mean temperature of about 20** C. 
( = 68° F.). This mean, however, must not be the mean of two 
distant extremes, for the Zimnaea cannot digest its food and 
grow in a temperature which is less than 14° or 15° C. ( = 57® or 
59° F.), or more than 30° to 32° C. ( = 86° to 90° F.). In certain 
localities, therefore, the interruption to the growth of this species 
must be serious and prolonged, and may tend towards the pro- 
duction of more or less dwarfed varieties. Thus specimens from 
Malham Tarn, a lake in Yorkshire 1250 feet above the sea, are 
permanently dwarfed, and have a very thin and fragile shell. 
Zimnaea peregra in the Pyrenees, Alps, and Himalayas is 
generally of a very delicate form and dwarfed habit, while the 
small variety known as loLcustris occurs, according to JefBreys, 
only in mountain lakes in Zetland, Scotland, Ireland, and N. 
England. Specimens brought by Mr. Bateson from lakes near 
the Sea of Aral, which are salt for some months and comparatively 
fresh for others, exhibit clearly the effect of changes in the 
environment (Figs. 33 and 34). Excess of heat produces similar 
results to excess ol cold. Z. peregra var. thermalis^ found in the 
warm springs of the Pyrenees and the Vosges, and the var. 

^ Mobius, Beport on 'Pommerania* Exped, pp. 138-141. 
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ffeisericola, from the hot water of the Iceland geysers are alike 
thin and dwarfed forma 

Many instances may be given of ‘ varieties due to locality/ 
In some of these, the cause which predisposes towards variation 
can be inferred with some approach to certainty, in others we 
must be content to note the fact, without at present being able 
to perceive its explanation. 

Desert specimens of widely distributed species, e.g. Helix 
pomatia, H. niciensis, H. pisana^ Leucoehroa candidissinia are 
much thicker than the type, and tend to lose all trace of 
coloured banda These modifications are clearly the means of 
preventing evaporation of moisture, the dull white or grayish 

Fio. 33. — Four examples of Lim~ 
naea peregra Miill., from salt 
marshes uoar the Sea of Aral, 
showing different effects produced 
by abnormal conditions of life. 






Fio. 34. — Four examples of Lim-^ 
imea sUignaliz L., from marshes 
in the Aral district which are salt 
for several months in the year, 
illustrating variation produced by 
changes in the environment, x 


brown colour being calculated to absorb the smallest possible 
amount of heat. Desert shells in all parts of the world {e.g. N. 
Africa, Arabia, Central Asia, S. Africa, W. America) have been 
noticed to exhibit these peculiaritiea 

A very singular case of the reverse process, i.e. the production 
of darkened forms of shell tlirough cold, has been noticed by 
Fischer as characteristic of the marine shells of the west coast 
of South America.^ This melanism is especially noticeable 
in Trochue^ Turhoy Chitoriy Mitra, and Pleurotovia, and is attested 
by the specific names, not merely expressive of actual blackness 
(e.g. nigemmuSy ateVy atramentariuSy manrm), but also of a 
generally lugubrious tone (e.g. moestuSy funehralis, tristiSy lugubriSy 
luctuosue). It is highly probable that this concurrence of 
specific melanism (which stands quite alone in the world) is 
^ Joum. de Cknuhyl. xxiiL 1875, p, 105. 
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due to the cold polar current which impinges on the Chilian 
coasts, for the same genera occur on the opposite shores of the 
continent without exhibiting any trace whatever of this mournful 
characteristic. 

It is a well-known fact, attested by many observers, that our 
common Limax agrestis as well as the young of Arion ater 
become decidedly darker in summer than in winter. If these 
slugs were accustomed to disport themselves in the sun, it might 
have been suggested that this increased darkness of colour 
tended to absorb more of the heat rays. But since this is not 
the case, the result is probably due to some unexplained effect of 
higher temperature. According to Lessona and Pollonera, the 
length of the keel in Limax arhorum varies greatly in different 
parts of Italy, being shorter in specimens from low ground, but 
much longer in those inhabiting more elevated regiona The 
longer the keel, the more obscure the colouring becomes, so that 
in the Upper Alps of Piedmont individuals are practically black. 
Roebuck has observed that Scottish specimens of this same 
slug are much darker and less translucent than English forma 
According to Simroth, our common black slug, Arion ater, is a 
northern type, which in more southern latitudes assumes the 
form known as A. rufus. Similarly Limax maximus "in its 
northern form cinereo-niger is almost wholly black, but in 
the more genial climate of Italy develops a series of brilliantly 
coloured and strikingly marked variations which have received 
numerous distinctive names from Italian limacologists.” ^ Ac- 
cording to Scharff, however ^ (who regards the colours of slugs 
as in the main protective), these dark forms are by no means 
exclusively northern, being found equally on the parched plains 
of Spain and Portugal, and in the bleak climate of Norway. The 
same authority observes that similar forms occur both in the dry 
regions of E. Germany, and in the very humid district of western 
Ireland. 

It appears unquestionable that marine genera from high 
n^^hern latitudes are provided with shells of uniform colour, or 
wnitish with a pale brown epidermis ; spots, bands, or stripes 
seldom occur. The arctic forms of Buccinum, IVophon, Chryso^ 
domus, Margarita, Crenella, Leda, Yoldia, Astarte illustrate this 
fact. In the more temperate seas of Europe, colours tend on the 
^ J. W. Taylor, tU sup. p. 800. * Sci, Trans. H. Lvhl. Soc. (2) iv. p. 566. 
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whole to increase, although there arc certain genera (e.g. Pecten) 
which arc not more brightly coloured in Mediterranean than in 
Icelandic waters. 

Land MoUusca inhabiting the mainland of a continent not 
unfrequently become smaller when they have spread to adjacent 
islands where perhaps the rainfall is less abundant or the soil 
and food-supply less nicely adjusted to their wants. OrthalicuB 
uTidatm is decidedly larger on the mainland of S. America than 
on the adjacent islands of Trinidad and Grenada. Specimens 
of Bulimvlus exilia from Barbados are invariably broader and 
more obese than those from S. Thomas, while those from the 
volcanic island of S. Lucia, where lime is deficient, are small and 
very slender. Streptaxis deformis, as occurring at Trinidad, is 
only half the size of specimens from Georgetown, Demerara.^ 

Certain localities appeal-, for some unexplained reason, to be 
particularly favourable to the production of albino varieties. The 
neighbourhood of Lewes, in Sussex, has produced no fewer than 
fourteen of these forms of land MoUusca and five of fresh water.® 

Our common Helix aapersa, as found near Bristol, is said to 
be ‘ dark coloured * ; about Weston-super-mare brown, with black 
markings ' ; near Bath * very pale and much mottled ' ; at Cheddar 
‘ very solid and large.’ ® Sometimes the same kind of variation 
is exhibited by different species in the same locality. Thus 
specimens of H aspersa, H nemoralia, and H hortenaia, taken 
from the same bank at Torquay, presented a straw-coloured tinge 
of ground colour, with red-brown bands or markings. Trochi- 
form H. nemorcUis and H arbvstorum, sinistral H. hortensia and 
ff. aapersa, sinistral H aaperaa and H. virgata, and similarly 
banded forms of H caperata and H virgata, have been taken 
together.* 

The immediate neighbourhood of the sea appears frequently 
to have the effect of dwarfing land MoUusca. Thus the var. 
conoidea of Helix aaperaa, which is small, conical, with a com- 
pressed mouth, occurs 'on sandhiUs and cliffs at the seaside,’ 
The varieties conica and nana of Helix hiapida are found ' near 
the sea.' Helix virgata is exceedingly small in similar locaUties, 
and tends to become unicoloured. H caperata var, Giyaxii^ a 

^ J. S. Gibbons, Joum, qf Cmich, ii. p. 129. 

• C. H. Morris, ihid. vii. p. 191. * F. M. Hole, tOict. iv. p. 93. 

^ T. D. A. Cockerell, Science Otmip, 1887, p. 67. 
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small depressed form, occurs at 'Sandwich and Falmouth/' 
Sometimes, however, the exact opposite is the case, for H. 
mmoralis var. major, which is 'much larger' than the type, 
occurs on ' sandhills and downs ' and is ‘ remarkably large in the 
L of Arran, Co. Galway.* The dwarf form of Limnaea peregra 
known as maritima appears to be confined to the neighbourhood 
of the sea. 

Dwarfing of the shell seems frequently to be the result of an 
elevated locality, not perhaps so much as the direct consequence 
of purer air and less barometric pressure, as of changes in the 
character of the food supply and in the humidity of the air. 
Several species of Helix have a variety minor which is charac- 
teristic of an Alpine habitat. Hdix arhietorum var. alpestris, 
which is scarcely two-thirds the size of the type, occurs on the 
Swiss Alps in the region of perpetual snow. Sometimes a very 
slight elevation is suificient to produce the dwarfed form. At 
Tenby the type form of Helix pisana is scattered in countless 
numbers over the sandhills just above high-water mark. At the 
extreme western end of these sandhills rises abruptly to a 
height of over 100 feet the promontory known as Giltar Head, 
the vegetation of which is entirely distinct from that of the 
burrows below. There is a colony of H pisana at the end of 
Giltar, all of which are devoid of the characteristic markings of 
the typical form, and most are dwarfed and stunted in growth. 

Occasionally the same variety will be found to be produced 
by surroundings of very different nature. Thus the var. alpestris 
of H arhustorum mentioned above, besides being characteristic 
of high Alpine localities, also occurs abundantly in low marshes 
at Hoddesdon on the Kiver Lea. Helix pulchella var. costaia, ac- 
cording to Jeffreys, is found in dry and sandy places, often under 
loose stones and bricks on walls, while other authorities have 
noticed it in wet and dry localities quite indifferently. 

Sometimes the production of a variety may be traced to the 
intrusion of some other organism. According to Brot, nine- 
tenths of the Limnaea peregra inhabiting a certain pond near 
Greneva, were, diu*ing one season, afflicted with a malformation 
of the base of the columella. This deformity coincided with the 
appearance, in the same waters, of extraordinary numbers of 
Hydra viridis. The next season, when the Hydra disappeared, 
W. G, Jeffreys, British Ccynckology, vol. i. p. 214. 
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the next generation of lAmnaea was found to have resumed its 
normal form. 

It has been noticed that a form of Helix caperata with a 
flattened spire and wide umbilicus is restricted to tilled fields, 
especially the borders of clover fields, while a form with a more 
elevated spire and more compact whorls occurs exclusively in 
open downs and uncultivated places. The Bev. S. S. Pearce 
accounts ^ for this divergence by the explanation that the flatter 
spire enables the shell of the fields to creep about more easily 
under the leaves or matted weeds, seldom requiring to crawl up 
a stalk or stem, while on the short turf of the downs and 
pastures the smaller and more rounded shell enables the animal 
to manoeuvre in and out of the blades of grass, and even to 
crawl up them with considerable activity. The same writer 
endeavours to explain the causes which regulate the distribution 
of H caperata var. ornata. He found that this variety (dark 
bands on a white ground) occurred almost exclusively on downs 
which were fed upon by sheep, associated with the common or 
mottled form, while the latter form alone occurred in localities 
where sheep were not accustomed to feed. Assuming then, as 
is probably the case, that sheep, in the course of their close 
pasturing, devour many small snails, he believes that individuals 
of the more conspicuous form ornata were more likely to be 
noticed, and therefore avoided, by the sheep, than the mottled 
form, which would more easily escape their observation. Hence 
the var. orriata is due to the advantage which strikingly coloured 
individuals obtained owing to their conspicuous habit, as com- 
pared with the typical form, which would be less readily 
detected. 

(6) Changes in Soil, Station, Character of Water, etc, — A de- 
ficiency of lime in the composition of the soil of any particular 
locality produces very marked effects upon the shells of the 
Mollusca which inhabit it; they become small and very thin, 
occasionally almost transparent. The well-known var. tenuis of 
Helix aspersa occurs on downs in the Channel Islands where 
calcareous material is scarce. For similar reasons, K arlustorum 
develops a var. fusca, which is depressed, very thin, and trans- 
parent, at Scilly, and also at Lunna I., E Zetland. 

The common dog-whelk {Purpura lapillus) of our own coasts 
^ Jimrn, of CmicA vi. p, 123. 
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Fig. 36. — 19 specimens of Purpura lapillus L., Great Britain, illustrating variation. 
(1) Felixstowe, sheltered coast ; (2), (3) New(jiiay, on veined and coloured rock ; (4), Herm, 
rather exiiosed-; (5), Holent, very sheltered ; (6h ijuid’s End, extsMcd rooks, small food supply ; 
(7) Bcilly, exjMMKi rocks, fair fixxl supply; (8) Ht. Leonards, Hat niiiSsol beils at extreme low water 




4-7 fatli. (MacaiMlrow); (H) Guernsey, rather exposed rocks; (12) Estuary of Conway, very shel- 
tered, abundant food supply ; (13), (14) llobin Hood’s Bay, very exposed rocks, pwr food Hupfily, 
(14) slightly iiioiihLioiis ; (15), (10), (17), Morthoe, rather exjKised rm ks, but abundant hiod supply ; 
(18) 8t. Bndf- K Bu> ; (19) L. Swilly, sheltered, but small food supply. All from the author’s collec- 
tiofi, o\ccpt(IO). 
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is an excseedingly varialJe species, and in many cases the 
variations may be shown to l>ear a direct relation to the manner 
of life (Fig. 35). Forms (Xicuning in very exposed situations, 
e.g. Land*s End, outer rocks of the Scilly Is., coasts of N. Devon 
and Yorkshire, are stunted, with a short spire and relatively 
large mouth, the latter being developed in order to increase the 
power of adherence to the rock and consequently of resistance 
to wave force. On the other hand, shells occurring in sheltered 
situations, estuaries, narrow straits, or even on open coasts where 
there is plenty of shelter from the waves, are comparatively of 
great size, with a well-developed, sometimes produced spire, and 
a mouth small in proportion to the area of shell surface. In the 
accompanying figure, the specimens from the Conway estuary and 
the Solent (12, 5) well illustrate this latter form of shell, while that 
from exposed rocks is illustrated by the specimens from Bobin 
Hood’s Bay (13,14). Had these specimens occurred alone, or had 
they been brought from some distant and unexplored region, 
they must inevitably have been described as two distinct species. 

Mr. W. Bateson has made ^ some observations on the shells 
of Cardium edule taken from a series of terraces on the border 
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Fig. 86. — Valves of Cardium edule from tlie four upper terraces of Shumish Kul, a dry 
salt lake adjacent to tbe Aral Sea. (After Bateson. ) 


of certain salt lakes which once formed a portion of the Sea of 
Aral As these lakes gradually became dry, the water they 
contained became salter, and thus tlie successive layers of dead 
shells deposited on their borders form an interesting record of 
the progressive variation of this species under conditions which, 
in one respect at least, can be clearly appreciated. At the same 
time the diminishing volume of water, and the increasing average 
temperature, would not be without their effect. It was found 

^ FhU, Tram, 1889, vol. 180 B, p. 297. A somewhat similar case (the celebrated 
Stoinheim series of PlaTUfrhis) is dealt with by Hilgendorf, MB, Akad, Berl, 1866, 
p. 474 ; and Hyatt, Froc, Atmt, Ass, Sc, xxix. p. 627. 
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that the principal changes were as follows : the thickness, and 
consequenfly the weight, of the shells became diminishedi the 
size of the beaks was reduced, the shell became highly coloured, 
and diminished considerably in size, and the breadth of the shells 
increased in proportion to their length (Fig. 36). Shells of 
the same species of Cardium, occurring in Lake Mareotis, were 
found to exhibit very similar variations as regards colour, size, 
shape, and thickness. 

Unio pictorum var. compressa occurs near Norwich at two 
similar localities six or seven miles distant from one another, 
under circumstances which tend to show that similar conditions 
have produced similar resulta The form occurs where the river, 
by bending sharply in horse-shoe shape, causes the current to 
rush across to the opposite side and form an eddy near the bank 
on the outside of the bend. Just at the edge of the sharp 
current next the eddy the shells are found, the peculiar form 
being probably due to the current continually washing away the 
soft particles of mud and compelling the shell to elongate itself 
in order to keep partly buried at the bottom.^ 

The rivers Ouse and Foss, which unite just below York, are 
rivers of strikingly diflFerent character, the Ouse being deep, 
rapid, with a bare, stony bottom, and little vegetable growth, 
and receiving a good deal of drainage, while the Foss is shallow, 
slow, muddy, full of weeds and with very little drainage. In 
the Foss, fine specimens of Amdonta aTiatiTva occur, lustrous, 
with beautifully rayed shells. A few yards off, in the Ouse, the 
same Species of Anodonta is dull brown in colour, its interior 
clouded, the beaks and epidermis often deeply eroded. Precisely 
the same contrast is shown in specimens of Unio tumidus, taken 
from the same rivers, Ouse specimens being also slightly curved 
in form. Just above Yearsley Ixx3k in the Foss, Unio tumidus 
occurs, but always dwarfed and malformed, a result probably due 
to the effect of rapidly running water upon a species accustomed 
to live in still water.^ Simroth records the occurrence of remark- 
ably distorted varieties in two species of Aetheria which lived in 
swift falls of the River Congo.® 

A variety of Limnaea peregra with a short spire and rather 
strong, stoutly built shell occurs in Lakes Windermere, Derwent- 

^ J. B. Bridgman, Qva.rt Jmvrn. CooMk, i. p. 70. 

’ W. C. Hey, Jowni. of Conch, iii. p. 268. » Zool. Anz. xiii. p. 662. 
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water, and Llyn-y-van-fach. It lives adhering to stones in places 
where there are very few weeds, its shape enabling it to with- 
stand the surf of these large lakes, to which the ordinary form 
would probably succumb.^ 

Scalariform specimens of Planorhis are said to occxu* most 
commonly in waters which are choked by vegetation, and it has 
been shown that this form of shell is able to make its way 
through m£tsses of dense weed much more readily than specimens 
of normal shape. 

Continental authorities have long considered Limnaea peregra 
and L. ovata as two distinct species. Hazay, however, has 
succeeded in rearing specimens of so-called peregra from the ova 
of ovata, and so-called ovata from the ova of peregra, simply by 
placing one species in running water, and the other in still 
water. 

According to Mr. J. S. Gibbons ® certain species of Littorirva, 
in tropical and subtropical regions, are confined to water more 
or less brackish, being incapable of living in pure salt water. 
“ I have met,” says Mr. Gibbons, ** with three of these species, 
and in each case they have been distinguished from the truly 
marine species by the extreme (comparative) thinness of their 
shells, and by their colouring being richer and more varied; 
they are also usually more elaborately marked. They are to be 
met with under three different conditions — (1) in harbours and 
bays where the water is salt with but a slight admixture of fresh 
water ; (2) in mangrove swamps where salt and fresh water mix 
in pretty equal volume ; (3) on dry land, but near a marsh or 
the dry bed of one. 

intermedia Eeeve, a widely diffused E. African shell, 
attaches itseK by a thin pellicle of dried mucus to grass growing 
by the margin of slightly brackish marshes near the coast, re- 
sembling in its mode of suspension the Old World Cyclostoma, 
I have found it in vast numbers in situations where, during the 
greater part of the year, it is exposed to the full glare of an 
almost vertical sun, its only source of moisture being a slight 
dew at night-time. The W. Indian L, angvlifera Lam., and a 
beautifully coloured E African species (J L, carinifera), are found 
in mangrove swamps ; they are, however, less independent of salt 
water than the last.” 

^ J. MadUon, Jowm. Conch, v. p. 260. * Quart. Joum, Conch, i. 380. 
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Mr. Gibbons goes on to note that brackish water species 
(although not so solid as truly marine species) tend to become 
more solid as the water they inhabit becomes less salt. This 
is a curious fact, and the reverse of what one would expect. 
Specimens of £. iuteTTfitdia on stakes at the mouth of the 
Lorengo Marques Kiver, Delagoa Bay, are much smaller, darker, 
and more fragile, than those living on grass a few hundred 
yards away. L. angulifera is unusually solid and heavy at 
Puerto Plata (S. Domingo) among mangroves, where the water 
is in a great measure fresh ; at Havana and at Colon, where it 
lives on stakes in water but slightly brackish, it is thinner and 
smaller and also darker coloured 

(c) Changes in the Volume of Water. — It has long been known 
that the largest specimens, e.g. of Limnaea stagnalis and Anodonta 
anatina, only occurred in pieces of water of considerable siza 
Recent observation, however, has shown conclusively that the 
volume of water in which certain species live has a very close 
relation to the actual size of their shells, besides producing other 
effects. Limnaea megasoma, when kept in an aquarium of 
limited size, deposited eggs which hatched out ; this process was 
continued in the same aquarium for four generations in all, the 
form of the shell of the last generation having become such 
that an experienced conchologist gave it as his opinion that the 
first and last terms of the series could have no possible specific 
relation to one another. The size of the shell became greatly 
diminished, and in particular the spire became very slender.^ 

The same species being again kept in an aquarium under 
similar conditions, it was found that the third generation had a 
shell only four-sevenths the length of their great grandparenta 
It was noticed also that the sexual capacities of the ani m al s 
changed as well. The liver was greatly reduced, and the male 
organs were entirely lost.^ 

K. Semper conducted some well-known experiments bearing 
on this point. He separated® specimens of Limnaea stagnalis 
from the same mass of eggs as soon as they were hatched, and 
placed them simultaneously in bodies of water varying in volume 
from 100 to 2000 cubic centimetres. All the other conditions 
of life, and especially the food supply, were kept at the known 

^ Whitfield, Bull. Atner. Mus. N. H, i. p. 29, 

* Amc^. Xat. xiv. p. 51. > Animal Lift, Ed. 1. p. 160 f. 
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optimum. He found, in tlie result, that the size of the shell 
varied directly in proportion to the volume of the water in whidi 
it lived, and that this was the case, whether an individual speci- 
men was kept alone in a given quantity of water, or shared it 
with several others. At the close of 65 days the q^ecimens 
raised in 100 cubic cm. of water were only ^ 

6 mm. long, those in 250 cubic cm. were a 

9 mm. long, those in 600 cubic cm. were A A /i ( \ 

12 mm. long, while those kept in 2000 ^ V ^ \/ I 


cubic cm. attained a length of 18 mm. 
(Fig. 37). 

An interesting effect of a sudden fall 
of temperature was noticed by Semper in 
connection with the above experiments. 
Vessels of unequal size, containing speci- 
mens of the Limnaea, happened to stand 
before a window at a time when the tein- 


A B C 0 

Pio. 87. — Pour equally old 
shells of Limnaea atagna^ 
lia^ hatched from the same 
mass of ova, but reared 
in different volumes of 
water: A in 100, B in 
250, C in 600, and D in 
2000 cubic centimetres. 
(After K. Semper.] 


perature suddenly fell to about 55® F. The sun, which shone 
through the window, warmed the water in the smaller vessels, 
but had no effect upon the temperature of the larger. The 
result was, that the Limnaea in 2000 cubic cm., which ought 
to have been 10 mm. long when 25 daj^ old, were scarcely 
longer, at the end of that period, than those which had lived in 
the smaller vessels, but whose water had been sufficiently warm. 
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USES OF SHELLS FOR MONEY, ORNA.MENT, AND FOOD — CULTIVATION 
OF THE OYSTER, MUSSEL, AND SNAIL — SNAILS AS MEDICINB 
—PRICES GIVEN FOR SHELLS 

The employment of shells as a medium of exchange was 
exceedingly common amongst uncivilised tribes in all parts of 
the world, and has by no means yet become obsolete. One of 
the commonest species thus employed is the ‘money cowry’ 
{Gyprom moneta, L), which stands almost alone in being used 
entire, while nearly all the other forms of shell money are made 
out of portions of shells, thus requiring a certain amount of 
labour in the process of formation. 

One of the earliest mentions of the cowry as money occurs 
in an ancient Hindoo treatise on mathematics, written in the 
seventh century a.d. A question is propounded thus : ‘the of ^ 
of ^ of I of of I a dramma was given to a beggar by one from 
whom he asked an alms ; tell me how many cowry shells the miser 
gave.’ In British India about 4000 are said to have passed 
for a shilling, but the value appears to differ according to their 
condition, poor specimens being comparatively worthlesa Accord- 
ing to Beeve ^ a gentleman residing at Cuttack is said to have paid 
for the erection of his bungalow entirely in cowries. The building 
cost him 4000 R& sicca (about £400), and as 64 cowries = 1 pice, 
and 64 pice = 1 rupee sicca, he paid over 16,000,000 cowries in all 
Cowries are imported to England from India and other places 
for the purposes of exportation to West Africa, to be exchanged 
for native products. The trade, however, appears to be greatly 
on the decrease. At the port of Lagos, in 1870, 50,000 cwts. 
of cowries were imported.* 

^ Cmh,. SytL il p. 262 n. 

* P. L. Simmouds, Cmmenial ProdwU cftht Sea, 278. 
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A banded form of Ntriia polita was used as money in certain 
parts of the South Pacific. The sandal-wood imported into the 
China market is largely obtained from the New Hebrides, being 
purchased of the natives in exchange for Ovulum angvlosum, 
which they especially esteem as an ornament. Sometimes, as 
in the Duke of York group, the use of shell money is specially 
restricted to certain kinds of purchase, being employed there 
only in the buying of swine. 

Among the tribes of the North-West coasts of America the 
common Dentalium indianorum used to form the standard of 
value, until it was superseded, under the auspices of the Hudson’s 
Bay Company, by blankets. A slave was valued at a fathom of 
from 26 to 40 of these shells, strung lengthwise. Inferior or 
broken specimens were strung together in a similar way, but 
were less highly esteemed; they corresponded more to our 
silver and copper coins, while the strings of the best shells 
represented gold. 

The wampum of the eastern coast of North America differed 
from all these forms of shell money, in that it required a laborious 
process for its manufacture. Wampum consisted of strings of 
cylindrical beads, each about a quarter of an inch in length and 
half that breadth. The beads were of two colours, white and 
purple, the latter being the more valuable. Both were formed 
from the common clam, Venus mercenaria, the valves of which 
are often stained with purple at the lower margins, while the 
rest of the shell is white. Cut small, ground down, and pierced, 
these shells were converted into money, which appears to have 
been current along the whole seaboard of North America from 
Maine to Florida, and on the Gulf Coast as far as Central 
America, as well as among the inland tribes east of the 
Mississippi. Another kind of wampum was made from the 
shells of Busycon carica and B. perversum. By staining the 
wampum with various colours, and disposing these colours in 
belts in various forms of arrangement, the Indians were able to 
preserve records, send messages, and keep account of any kind of 
event, treaty, or transaction. 

Another common form of money in California was Olivella 
Hplicata, strung together by rubbing down the apex. Button- 
shaped disks cut from Saxidomus arata and Paehydesvna 
cTossatelloides, as well as oblong pieces of Haliotis, were em- 
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ployed for the same purpose, when strung together in lengths of 
several yards. 

“There is a curious old custom,” writes Mr. W. Anderson 
Smith, 1 that used formerly to be in use in this locality [the 
western coast of Scotland], and no doubt was generally em- 
ployed along the seaboard, as the most simple and ready means 
of arrangement of bargains by a non-writing population. That 
was, when a bargain was made, each party to the transaction 
got one half of a bivalve shell — such as mussel, cockle, or oyster — 
and when the bargain was implemented, the half that fitted 
exactly was delivered up as a receipt ! Thus a man who had a 
box full of unfitted shells might be either a creditor or a debtor ; 
but the box filled with fitted shells represented receipted accounts. 
Those who know the difficulty of fitting the valves of some classes 
of bivalves will readily acknowledge the value of this arrangement.” 

Shells are employed for use and for ornanient by savage — 
and even by civilised — tribes in all parts of the world. The 
natives of Fiji thread the large Turbo argyrostoma and crenulatus 
as weights at the edge of their nets, and also employ them as 
sinkers. A Cy'praea tigris cut into two halves and placed round 
a stone, with two or three showy Oliva at the sides, is used as a 
bait for cuttles. Avicula margaritifera is cut into scrapers and 
knives by this and several other tribes. Breast ornaments of 
Ghamaj grouped with Solarium perspectivum and Terebra dupli- 
cata are common among the Fijians, who also mount the Avicula 
on a backing of whales' teeth sawn in two, for the same purpose. 
The great Orange Cowry {Cypraca aurantiaccC) is used as a 
badge of high rank among the chieftains. One of the most 
remarkable Fijian industries is the working of whales' teeth to 
represent this cowry, as well as the commoner C, talpa, which is 
more easily imitated. 

Among the Solomon islanders, cowries are used to ornament 
their shields on great field days, and split cowries are worn as 
a necklace, to represent human teeth. Small bunches of Tere- 
bellum subulatum are worn as earrings, and a large valve of 
Avicula is employed as a head ornament in the centre of a 
fillet. The same islanders ornament the raised prows of their 
canoes, as well as the inside of the stern-post, with a long row of 
single Natica, 


‘ Bendtrloch^ p. 118 . 
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The native Papuans employ shells for an immense variety of 
purposes. Circlets for the head are formed of rows of Ifima 
gibbosiUa, rubbed down till little but the mouth remaina 
Necklaces are worn which consist of strings of (Him, joxmg 
Avicula, Natica melanostoma, opercula of Twrbo, and valves of 
a rich brown species of Ca/rdium, pendent at the end of strings 
of the seeds known as Job's tears. Struthiolaria is rubbed 
down until nothing but the mouth is left, and worn in strings 
round the neck. This is remarkable, since Struthiolaria is not 
a native Papuan shell, and indeed occurs no nearer than New 
Zealand. Sections of Melo are also worn as a breast ornament, 
dependent from a necklace of cornelian stones. Cypraea eroaa 
is used to ornament drinking bowls, and Ovulum ovum is 
attached to the native drums, at the base of a bunch of casso- 
wary feathers, as well as being fastened to the handle of a 
sago-beater. 

In the same island, the great I'urbo and Combs millejpunctatibs 
are ground down to form bracelets, which are worn on the 
bicepa The crimson lip of Strombus luhuanus is cut into beads 
and perforated for necklacea Village elders are distinguished 
by a single Ovulum verrucosum, worn in the centre of the fore- 
head. The thick lip of Cassis cornuta is ground down to form 
nose pieces, 4^ inches long. Fragments of a shell called KaHma 
(probably valves of a large Spondylus) are worn suspended from 
the ears, with little wisps of hair twisted up and thrust through 
a hole in the centre. For trumpets, Cassis cornuta, Triton 
tritonis, and Ranella lampas are used, with a hole drilled as a 
mouthpiece in one of the upper whorls. Valves of Batissa, 
Unio, and Mytilus are used as knives for peeling yama Spoons 
for scooping the white from the cocoa-nut are made from 
Avicula margaritifera. Melo diadema is used as a baler in the 
canoes.^ 

In the Sandwich Islands Melampus luteus is worn as a 
necklace, as well as in the Navigator Islanda A very striking 
necklace, in the latter group, is formed of the apices of a 
Nautilus, rubbed down to show the nacre. The New Zealanders 
use the green opercula of a Turbo, a small species of Venus, and 
Cypraea asellus to form the eyes of their idols. Fish-hooks are 
made throughout the Pacific of the shells of Avieuia and 
^ C. Hedley in J. P. Thomson, Brit. Kew GuinM, p. 283. 
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Haliotis, and are sometimes strengthened by a backing made of 
the columella of Cypraea ardbica. Small axe-heads are made 
from Terelra crenulata ground down (Woodlark L), and larger 
forms are fashioned from the giant TridcuiTia (Fiji). 

Shells are used to ornament the elaborate cloaks worn by the 
women of rank in the Indian tribes of South America. Speci- 
mens of Ampidlaria, Orthalicus, Ldbyrinthus, and Bulimulus 
depend from the bottom and back of these garments, while great 
Bvlimi, 6 inches long, are worn as a breast ornament, and at the 
end of a string of beads and teeth.' 

The chank-shell {Turhinella rapa) is of especial interest from 
its connexion with the religion of the Hindoos. The god 
Vishnu is represented as holding this shell in his hand, and the 
sinistral form of it, which is excessively rare, is regarded with 
extraordinary veneration. The chank appears as a symbol on 
the coins of some of the ancient Indian Empires, and is still 
retained on the coinage of the Eajah of Travancore. 

The chief fishery of the chank-shell is at Tuticorin, on the 
Gulf of Manaar, and is conducted dxiring the N.E. monsoon, 
October-May. In 1885-86 as many as 332,000 specimens 
were obtained, the net amount realised being nearly Es.24,000. 
In former days the trade was much more lucrative, 4 or 5 
millions of specimens being frequently shipped. The govern- 
ment of Ceylon used to receive £4000 a year for licenses to 
fish, but now the trade is free. The shells are brouglit up by 
divers from 2 or 3 fathoms of water. In 1887 a sinistral 
specimen was found at Jaffna, which sold for Rs.700.^ Nearly 
all the shells are sent to Dacca, where they are sliced into 
bangles and anklets to be worn by the Hindoo women. 

Perhaps the most important industry which deals only with 
the shells of Mollusca is that connected with the ' pearl-oyster.’ 
The history of the trade forms a small literature in itself. It 
must be sufficient here to note that the species in question is 
not an ' oyster,’ properly so called, but an Avicula (margaritifera 
Lam.). The ‘ mother-of-pearl,’ which is extensively employed 
for the manufacture of buttons, studs, knife-handles, fans, card- 
cases, brooches, boxes, and every kind of inlaid work, is the 

^ Most of the above facts arc deiived from a study of a collection of native 
implements, weapons, ornaments, etc. , in the Antiquarian Museum at Cambridge. 

* Thurston, Notes on ihe Pearl aiid Chank Fisheries^ MadiAs, 1890. 
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internal nacreous laminae of the shell of this species. The most 
important fisheries are those of the Aru Islands, the Sop-loo 
Archipelago, the Persian Gulf, the Bed Sea, Queensland, and the 
Pearl Islands in the Bay of Panama. The shell also occurs in 
several of the groups of the South Pacific — ^the Paumotu, 
Qambier and Navigator Islands, Tahiti being the centre of the 
trade — and also on the coasts of Lower California.^ 

Pearls are the result of a disease in the animal of this species 
of Avicula and probably in all other species within which they 
occur. When the Avicula is large, well formed, and with 
ample space for individual development, pearls scarcely occur 
at aU, but when the shells are crowded together, and become 
humped and distorted, as well as affording cover for all kinds of 
marine worms and parasitic creatures, then pearls are sure to be 
found. Pearls of inferior value and size are also produced by 
Flojcuna placenta, many species of Pinna., the great Tridacna, 
the common Ostrea edulis, and several other marine bivalves. 
They are not uncommon in Uhio and Anodonta, and the common 
Margaritanja margaritifera of our rapid streams is still said to 
be collected, in some parts of Wales, for the purpose of ex- 
tracting its small ' seed-pearls.' Pink pearls are obtained from 
the giant conch-shell of the West Indies {Stromhus gigas), as 
well as from certain Turhinella. 

In Canton, many houses are illuminated almost entirely by 
skylights and windows made of shells, probably the semi- 
transparent valves of Placuwi placenta. In China lime is 
commonly made of ground cockle-shells, and, when mixed with 
oil, forms an excellent putty, used for cementing coflins, and in 
forming a surface for the frescoes with which the gables of 
temples and private houses are adorned. Those who suffer from 
cutaneous diseases, and convalescents from small-pox, are washed 
in Canton with the water in which cockles have been boiled.® 

A recent issue of the Peking Gazette contains a report from 
the outgoing Viceroy of Fukhien, stating that he had handed over 
the insignia of office to his successor, including inter alia the 
conch -shell bestowed by the Throne. A conch -shell with a 
whorl turning to the right, i,e. a sinistral specimen, is supposed 
when blown to have the effect of stilling the waves, and hence is 

1 Sec in particular, P. L. Simmonds, The Corntnereial Products of Ike Sea, 

» H. Friend, Field Club, iv. 1898. p. 100. 
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bestowed by the Emperor upon high officers whose duties oblige 
them to take voyages by sea. The Viceroy of Fukhicn probably 
possesses one of these shells in virtue of his jurisdiction over 
Formosa, to which island periodical visits are supposed to be 
made.^ 

Shells appear to be used occasionally by other species besides 
man. Oyster-catchers at breeding time prepare a number of 
imitation nests in the gravel on the spit of land where they 
build, putting bits of white shell in them to represent eggs.* 
This looks like a trick in order to conceal the position of the 
true nest. According to Nordenskjold, when the eider duck of 
Spitzbergen has only one or two eggs in its nest, it places a shell 
of Btcccinum glaciale beside them. The appropriation of old 
shells by hermit-crabs is a familiar sight all over the world. 
Perhaps it is most striking in the tropics, where it is really 
startling, at first experience, to meet — ^as I have done — a large 
Cassis or Turbo, walking about in a wood or on a hill side at 
considerable distances from the sea. A Gephyrean {Phascolion 
strombi) habituaUy establishes itself in the discarded shells of 
marine MoUusca. Certain Hymenoptera make use of dead shells 
of Helix hortensis in which they build their cells.* Magnus 
believes that in times when heavy rains prevail, and the usual 
insects do not venture out, certain flowers are fertilised by snails 
and slugs crawling over them, e.g. Leucanthemum vulgare by 
Limax laevis,^ 

Hollosca as Food for Man. — Probably there are few countries 
in the world in which less use is made of the MoUusca as a form 
of food than in our own. There are scarcely ten native species 
which can be said to be at all commonly employed for this 
purpose. Neighbouring countries show us an example in this 
respect. The French, Italians, and Spanish eat Natica, Twrbo, 
Triton, and Murex, and, among bivalves, Donax, Fentis, Zithodomus, 
PKolas, Tapes, and Cardita, as well as the smaller Cephalopoda. 
Under the general designation of clam the Americans eat Venus 
mercenaria, My a arenaria, and Maxtra solidissima. In the Suez 
markets are exposed for sale Stromhus and Melongena, Avicula 
and Cytherea, At Panama Donax and Solen are delicacies, while 

^ Nature, xxxi. 1886, p. 492. 

* W. Anderson Smith, Benderloch, p. 173. 

• Dominique, Fcuill Nat. xviii.p. 22. < SB. Nat. Fr. Berl 1889, p. 197 
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the natives also eat the great Murex and Pyrtda, and even the 
huge Area grandis, which lives embedded in the liquid river mud. 

The common littoral bivalves seem to be eaten in nearly all 
countries except our own, and it is therefore needless to enume- 
rate them. The Gasteropoda, whose habits are scarcely so 
cleanly, seem to require a bolder spirit and less delicate palate to 
venture on their consumption. 

The Malays of the East Indian islands eat Telescopium 
fu9cum and Pyrazus palustris, which abound in the mangrove 
swamps. They throw them on their wood fires, and when they 
are sufficiently cooked, break off the top of the spire and suck 
the animal out through the opening. Ealiotis they take out of 
the shell, string together, and dry in the sun. The lower classes 
in the Philippines eat Area iruiequivalvia, boiling them as 
we do mussels.^ In the Corean islands a species of Monodonta 
and another of Mytilus are quite peppery, and bite the tongue ; 
our own Helix revelata, as I can vouch from personal experience, 
has a similar flavour. Fu$us colosseuSy Bapana hezoar, and 
Purpura luteostoma are eaten on the southern coasts of China ; 
Strombus luhuanus, Turbo chrysostomus, Trochus niloticm, and 
Patella testudinaria, by the natives of New Caledonia ; Strombus 
gigaa and Livona pica in the West Indies; Turbo niger and 
Concholepas peruvianus on the Chilian coasts; four species of 
Strombus and Nerita, one each of Purpwra and Turbo, besides 
two TridacTia and one Hippopus, by the natives of British New 
Guinea. West Indian negroes eat the large Chitons which are 
abundant on their rocky coasts, cutting off and swallowing raw 
the fleshy foot, which they call " beef,’ and rejecting the viscera. 
Dried cephalopods are a favourite Chinese dish, and are regu- 
larly exported to San Francisco, where the Chinamen make them 
into soup. The ‘ Challenger ’ obtained two species of Sepia and 
two of Loligo from the market at Yokohama. 

The insipidity of fresh- water MoUusca renders them much 
less desirable as a form of food. Some species of Unionidae, 
however, are said to be eaten in France. Anodonta edulis is 
specially cultivated for food in certain districts of China, and 
the African Aetheriae are eaten by negroes. Navicella and 
NeHtina are eaten in Mauritius, Ampidlaria and Neritina in 
Guadeloupe, and Palvdina in Cambodia. 

' A. Adams, Foyage ^ the * ii. p. 308. 
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Tlie vast heaps of empty shells known as ^ kitchen-middens/ 
occur in almost every part of the world. They are found in 
Scotland, Denmark, the east and west coasts of North America, 
Brazil, Tierra del Fuego, Australia and New Zealand, and are 
sometimes several hundred yards in length. They are invariably 
composed of the edible shells of the adjacent coast, mixed witli 
bones of Mammals, birds, and fish. From their great size, it 
is believed that many of them must have taken centuries to 
form. 

Pre-eminent among existing shell-fish industries stands the 
cultivation of the oyster and the mussel, a more detailed account 
of which may prove interesting. 

The cultivation of the oyster ^ as a luxury of food dates at 
least from the gastronomic age of Rome. Every one has heard 
of the epicure whose taste was so educated that 

“ he could tell 

At the first mouthful, if his oysters fed 
On the Rutupian or the Lucrine bed 
Or at Circeii.”2 

The first artificial oyster-cultivator on a large scale appears 
to have been a certain Roman named Sergius Grata, who lived 
about a century B.c. His object, according to Pliny the elder,® 
was not to please his own appetite so much as to make money 
by ministering to the appetites of others. His vivaria were 
situated on the Lucrine Lake, near Baiae, and the Lucrine 
oysters obtained under his cultivation a notoriety which they 
never entirely lost, although British oysters eventually came to 
be more highly esteemed. He must have been a great enthusiast 
in his trade, for on one occasion when he became involved in a 
law-suit with one of the riparian proprietors, his counsel declared 
that Grata’s opponent made a great mistake if he expected to 
damp his ardour by expelling him from the lake, for, sooner 
than not grow oysters at all, he would grow them upon the roof 
of his house.^ Grata’s successors in the business seem to have 
understood the secret of planting young oysters in new beds, for 

^ Much information has been derived, on this subject., from Berti'am’s Ha/riscst 
(tf the Sca^ Simmonds’ Commercial Products of the Sea, the publications of the 
Fisheries Exhibition, especially vol. xi. (Anson and Willett) ; see also Philpots, 
Oysters and all about them, 

» Juvenal, ScU, iv. 140-142. =» im. Nat, ix. 79. * Val Max, ix. i. 
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we are told that specimens brought from Brundisium and even 
from Britain were placed for a while in the Lucrine lake, to 
fatten after their long journey, and also to acquire the esteemed 
" Lucrine flavour.” 

Oysters are ‘in season* whenever there is an ‘r’ in the 
month, in other words, from September to April ‘Mensibus 
erratis/ as the poet has it, ‘vos ostrea manducatis!’ It has 
been computed that the quantity annually produced in Great 
Britain amounts to no less than sixteen hundred million, while 
in America the nmnber is estimated at five thousand five 
hundred million, the value being over thirteen million dollars, 
and the number of persons employed fifty thousand. Arcachon, 
one of the principal French oyster-parks, has nearly 10,000 acres 
of oyster beds, the annual value being from eight to ten million 
francs ; in 1884-85, 178,359,000 oysters were exported from this 
place alone. In the season 1889-90, 60,000 tons of oysters 
were consumed in London. 

Few will now be found to echo the poet Gay*8 opinion : 

" That man had sure a palate covered o’er 
With brass or steel, that on the rocky shore 
First broke the oozy oyster’s pearly coat, 

And risq’d the living morsel down his throat.” 

There were halcyon days in England once, when oysters 
were to be procured at 8d. the bushel Now it costs exactly 
that amount before a bushel, brought up the Thames, can even 
be exposed for sale at Billingsgate (4d. porterage, 4d. market 
toll), and prime Whitstable natives average from 3|-d. to 4(1 
each. The principal causes of this rise in prices, apart from the 
increased demand, are (1) over-dredging, (2) ignorant cultiva- 
tion, and to these may be added (3) the effect of bad seasons in 
destroying young oysters, or preventing the spat from maturing. 
Our own principal beds are those at Whitstable, Rochester, 
Colchester, Milton (famous for its ‘ melting ’ natives), Faversham, 
Queenborough, Burnham, Poole, and Carlingford in Co. Down, 
and Newhaven, near Edinburgh, 

The oyster-farms at Whitstable, public and private, extend 
over an area of more than 27 square milea The principal of 
these is a kind of joint-stock company, with no other privilege of 
entrance except birth as a free dredgeman of the town. When 
a holder dies, his interest dies with him. Twelve directors, 
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known as “ the Jury,” inan^c the affairs of the company, which 
finds employment for several thousand people, and sometimes 
turns over as much as £200,000 a year. The term * Natives/’ as 
applied to these Whitstable or to other English oysters, requires 
a word of explanation. A ' Native ’ oyster is simply an oyster 
which has been bred on or near the Thames estuary, but very 
probably it may be developed from a brood which came from 
Scotland or some other place at a distance. For some unexplained 
reason, oysters bred on the London clay acquire a greater delicacy 
of flavour than elsewhere. The company pay large sums for 
brood to stock their own grounds, since there can be no certainty 
that the spat from their own oysters will fall favourably, or even 
within their own domains at all. Besides purchases from other 
beds, the parks are largely stocked with small oysters picked up 
along the coast or dredged from grounds public to all, some- 
times as much as 50& a bushel being paid for the best brood. 
It is probably this system of transplanting, combined with 
systematic working of the beds, which has made the Whitstable 
oyster so excellent both as to quality and quantity of flesh. 
The whole surface of the * layings ' is explored every year by the 
dredge, successive portions of the ground being gone over in 
regular rotation, and every provision being made for the well- 
being of the crop, and the destruction of their enemies. For 
three days of every week the men dredge for ' planting/ i,e. for 
the transference of suitable specimens from one place to another, 
the separation of adhering shells, the removal of odd valves and 
of every kind of refuse, and the killing off of dangerous foea 
On the other three days they dredge for the market, taking care 
only to lift such a number as will match the demand. 

The Colne beds are natural beds, as opposed to the majority 
of the great working beds, which are artiflciaL They are the 
property of the town of Colchester, which appoints a water- 
bailiff to manage the concern. Under his direction is a jury of 
twelve, who regulate the times of dredging, the price at wMch 
sales are to be made, and are generally responsible for the 
practical working of the trade. Here, and at Faversham, Queen- 
borough, Rochester, and other places, * natives ’ are grown which 
rival those of Whitstable. 

There can be no question, however, that the cultivation of 
oysters by the French is lEar more complete and efficient than 
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our own, and has reached a higher degree of scientific perfection 
combined with economy and solid profits. And yet, between 
40 and 50 years ago, the French beds were utterly exhausted 
and unproductive, and showed every sign of failure and decay. 
It was in 1858 that the celebrated beds on the He de ’R&, near 
Kochelle, were first started. Their originator was a certain 
shrewd stone-mason, by name Boeuf. He determined to try, 
entirely on his own account, whether oysters could not be made 
to grow on the long muddy fore-shore which is left by the ebb 
of the tide. Accordingly, he constructed with his own hands a 
small basin enclosed by a low wall, and placed at the bottom a 
number of stones picked out of the surrounding mud, stocking 
his ‘pare’ with a few bushels of healthy young brood. The 
experiment was entirely successful, in spite of the jeers of his 
neighbours, and Boeuf s profits, which soon began to mount up 
at an astonishing rate, induced others to start similar or more 
extensive farms for themselves. The movement spread rapidly, 
and in a few years a stretch of miles of unproductive mud banks 
was converted into the seat of a most prosperous industry. The 
general interests of the trade appear to be regulated in a similar 
manner to that at Whitstable ; delegates are appointed by the 
various communities to watch over the business as a whole, 
while questions affecting the well-being of oyster-culture are 
discussed in a sort of representative assembly. 

At the same time as Boeuf was planting his first oysters on 
the shores of the He de B^, M. Coste had been reporting to the 
French government in favour of such a system of ostreiculture 
as was then practised by the Italians in the old classic Lakes 
Avernus and Lucrinus. The principle there adopted was to 
prevent, as far as possible, the escape of the spat from the 
ground at the time when it is first emitted by the breeding 
oyster. Stakes and fascines of wood were placed in such a 
position as to catch the spat and give it a chance of obtaining a 
hold before it perished or was carried away into the open sea. 
The old oyster beds in the Bay of St. Brieuc were renewed on 
this principle, banks being constructed and overlaid with bundles 
of wood to prevent the escape of the new spat. The attempt 
was entirely successful, and led to the establishment or re- 
establishment of those numerous pares, with which the French 
coast is studded from Brest to the Gironde. The principal 
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centres of the industry are Arcachon, Auray, Cancale, and la 
Teste. 

It is at Marennes, in Normandy, that the production of the 
celebrated * green oyster * is carried out, that especial luxury of 
the French epicure. Green oysters are a peculiarly French 
taste, and, though they sometimes occur on the Essex marshes, 
there is no market for them in England. The preference for 
them, on the continent, may be traced back as early as 1713, 
when we find a record of their having been served up at a 
supper given by an ambassador at the Hague. Green oysters 
are not always green, it is only after they are placed in the 
‘claires,* or fattening ponds, that they acquire the hue; they 
never occur in the open sea. The green colour does not extend 
over the whole animal, but is found only in the branchiae and 
labial tentacles, which are of a deep blue-green. Various theories 
have been started to explain the * greening ' of the mollusc ; the 
presence of copper in the tanks, the chlorophyll of marine algae, 
an overgrowth of some parasite, a disease akin to liver complaint, 
have all found their advocates. Prof. Lankester seems to have 
established^ the fact, — which indeed had been observed 70 years 
before by a M. Gaillon — that the greening is due to the growth 
of a certain diatom {Navicvla ostrearia) in the water of the tanka 
This diatom, which is of a deep blue-green colour, appears from 
April to J une, and in September. The oyster swallows quantities 
of the Navicvla ; the pigment enters the blood in a condition of 
chemical modification, which makes it colourless in all the other 
parts of the body, but when the blood reaches the gills the 
action of the secretion cells causes the blue tint to be restored. 
The fact that the colour is rather green than blue in the giUB, 
which are yellowish brown, is due to certain optical conditiona 
Not till the young white oyster has been steeped for several 
years in the muddy waters of the ‘ claires ’ does it acquire the 
proper tint to qualify it for the Parisian restaurant. The 'claires' 
are each about 100 feet square, surrounded by low broad banks 
of earth, about 3 feet high and 6 feet thick at the base. Before 
the oysters are laid down, the gates which admit the tide are 
carefully opened and shut a great many times, in order to 
collect a sufficient amount of the Namcula, When tliis is done, 
the beds are formed, and are not again overflowed by the sea] 

^ Qtuiri, Joum, Micr. Sc, xxvL j>. 71 . 
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except at very high tides. The oysters are shifted from one 
^ claire * to another, in order to perfect the ' greening ' process. 
About fifty million of these ^ huitres de Marennes ’ are produced 
annually, yielding a revenue of 2,600,000 franca 

It appears, from the experience of one of the most enthusiastic 
of French oyster-growers (Dr. Kemmerer), that oysters grow best 
in muddy water, and hrtei best in clear water. Thus the open 
sea is the place where the spat should fall and be secured, and, 
as soon as it is of a suitable size, it should be transferred to the 
closed tank or reservoir, where it will find the quiet and the 
food (confervae, infusoria, minute algae) which are so requisite 
for its proper growth. In muddy ground the animal and 
phosphorous matter increases, and the flesh becomes fatter and 
more oily. A sudden change from the clear sea-water to the 
muddy tank is inadvisable, and thus a series of shiftings through 
tanks with water of graduated degrees of nourishment is the 
secret of proper oyster cultivation. 

The American oyster trade is larger even than the French. 
The Baltimore oyster beds in the Chesapeake river and its 
tributaries cover 3000 acres, and produce an annual crop of 
25 million bushels, as many as 100,000 bushels being sometimes 
taken from Chesapeake Bay in a single day. Baltimore is the 
centre of the tinned oyster trade, while that in raw oysters 
centres in New York. Most of the beds whose produce is 
carried to New York are situated in New Jersey, Connecticut, 
Delaware, or Virginia. The laws of these states do not allow 
the beds to be owned by any but resident owners, and the 
New York dealers have consequently to form fictitious part- 
nerships with residents near the various oyster beds, supply 
them with money to buy the beds and plant the oysters, and 
then give them a share in the profita It has been estimated 
that from the Virginia beds 4,000,000 bushels of oysters are 
carried every year to Fair Haven in New England, 4,000,000 
to New York, 3,000,000 to Providence, and 2,000,000 each to 
Boston, Philadelphia, and Baltimore. The American * native' 
(0. virginita) is a distinct species from our own, being much 
larger and longer in proportion to its breadth ; it is said to be 
also much more prolific. 

According to Milne-Edwards,^ in the great oyster parks on 
> See G. H. hewee, JSStUdieSf p. SS9. 
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the coasts of Calvados, the oysters are educated to keep their 
shells closed when out of water, and so retain water enough 
inside to keep their gills moist, and arrive at their destination 
in good condition. As soon as an oyster is taken out of the 
sea, it closes its shells, and keeps them closed until the shock of 
removal has passed away, or perhaps until the desirability of a 
fresh supply of water suggests itself. The men take advantage 
of this to exercise the oysters, removing them from the sea for 
longer and longer periods. In time this has the desired effect ; 
the well-educated mollusc learns that it is hopeless to 'open' 
when out of the water, and so keeps his shell closed and his gills 
moist, and his general economy in good condition. 

Oysters have been known to live entirely out of water for a 
considerable time. Prof. Verrill once noticed^ a large cluster of 
oysters attached to an old boot, hanging outside a fish-shop in 
Washington. They had been taken out of the water on about 
10 th December, and on 25 th February following some of the 
largest were still alive. It was noticed that all those which sur- 
vived had the hinge upward and the ventral edge downward, this 
being the most favourable position possible for the retention of 
water within the gill-cavity, since the edge of the mantle would 
pack against the margins of the shell, and prevent the water 
from leaking away. 

Such a succulent creature as the oyster has naturally many 
enemies. One of the worst of these is the ravenous Starfish, or 
Five-finger. His omnivorous capacities are well described by a 
clever writer and shrewd observer of nature : “ Here is one 
doubled up like a sea-urchin, brilliant of hue, and when spread 
out quite 16 inches in diameter; where, and oh where, can you 
obtain a prey ? The hoe we carry is thrust out and the mass 
shorewards, when the rascal disgorges two large dog- 
whelks he has been in the process of devouring. We feel a 
comfortable glow of satisfaction to think that this enemy of our 
oyster-beds is also the enemy of our other enemy, this carnivor- 
ous borer. Here, quite close alongside, is another, only inferior 
in size, and we drag him ashore likewise, to find that the fellow 
has actually had the courage and audacity to suck the contents 
out of a large horse-mussel (^Modiola\ the strong muscle alone 
remaining undevoured. We proceed along but a short way 
* BuU, U, S. Futh, Comm, v. p. 161. 
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when we meet with still another in the cnrled-up condition in 
which they gorge themselves, and as we drag it shorewards the 
shell of a Tapes pidlastra drops from the relaxing grasp of the 
ogre. Slowly the extended stomach returns to its place, and 
the monster settles back to an uncomfortable after-dinner siesta 
on an exposed boulder; for the starfish wraps its tumed-out 
stomach around the prey it has secured, in place of attempting 
to devour the limey covering in which most of its game is 
protected. Once the mouth of the shell is enclosed in the 
stomach of the starfish, the creature soon sickens, the hinge- 
spring relaxes its hold, and the shell opening permits the star- 
fish to suck out the gelatinous contents, and cast free the 
calcareous skeleton/’ ' 

According to other observers the starfish seizes the oyster 
with two of his fingers, while with the other three he files away 
the edge of the flat or upper valve until the points of contact 
with the round valve are reduced almost to nothing ; then he can 
introduce an arm, and the rest is easy work. Others suggest 
that the starfish suffocates the oyster by applying two of its 
fingers so closely to the edge of the valves that the oyster is 
imable to open them ; after a while the vital powers relax and 
the shell gapes. The Eev. J. 6. Wood holds ^ that the starfish 
pours a secretion from its mouth which “ paralyses the hinge 
muscle and causes the shell to open.” Sometimes in a single 
night a whole bed of oysters will be totally destroyed by an 
invasion of starfish. Another dreaded enemy is the ‘ whelk,’ a 
term which includes Purpura lapillus, Murex erinaceus, Buocinum 
undatum, and probably also Nassa reticulata. All these species 
perforate the shell with the end of their radula, and then suck 
out the contents through the neatly drilled hole. Skate fish 
are the cause of terrible destruction in the open beds, and a 
scarcely less dangerous visitant is the octopus. Crabs crush the 
young shells with their claws, and are said to gather in bands 
and scratch sand or mud over the hirger specimens, which makes 
them open their shells. Yet another, and perhaps unconscious, 
foe is found in the common mussel, wliich takes up room meant 
for the young oysters, grows over tlie larger individuals, and 
harbours all sorts of refuse Ix^tweeii and under its closely packed 


^ W. Andertion Smith, Loch Vrtran, p. 22S. 
* Longman^s Magscinc, June 1889. 
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ranks. Cliona, a parasitic sponge, bores in between the layers 
of the oyster’s shell, pitting them with tiny holes (corresponding 
to its osciila), and disturbing the inmate, who has constantly to 
construct new layers of shell from the inside. Weed, annelids, 
‘ blubber,* shifting sand or mud, sewage or any poisoning of the 
water, are seriously harmful to the oyster's best interests. A 
very severe winter is often the cause of wholesale destruction in 
the beds. According to the Daily News of 26th March 1891, 
the Whitstable oyster companies lost property to the value of 
£30,000 in the exceptionally cold winter of 1890-91, when, on 
the coast of Kent, the surface temperature of the sea sank below 
32®, and the advancing tide pushed a small ice-floe before it. 
Two million oysters were laid down in one week of the following 
spring, to make up for the loss. During the severe winter of 
1892-93 extraordinary efforts were made at Hayling I. to protect 
the oysters from the frost. Twenty million oysters were placed 
in ponds for the winter, and a steam-engine was for days 
employed to keep the ponds thawed and supplied with water, 
while large coal and coke fires were kept burning at the edge of 
the ponds.^ On the other hand, the unusually warm and sunny 
summer of 1893 is said to have resulted in the finest fall of spat 
known in Whitstable for fifty years.^ 

The reproductive activity of the oyster is supposed to com- 
mence about the third year. Careful research has shown * that 
the sexes in the English oyster are not separate, but that each 
individual is male as well as female, producing spermatozoa as 
well as ova in the same gland. Here, however, two divergent 
views appear. Some authorities hold that the oyster does not 
fecundate its own eggs, but that this operation is performed by 
spermatozoa emitted by other specimens. It is believed that, 
in each individual, the spermatozoa arrive at maturity first, and 
that the ova are not produced until after the spermatozoa have 
been emitted ; thus the oyster is first male and then female, 
morphologically hermaphrodite, but physiologically unisexual. 
Others are of opinion that the oyster does fecundate its own 
eggs, ova being first produced, and passed into the infrabranchial 
chamber — the ' white-sick * stage — and then, after an interval, 


* St. James's GaseUe, 6th January, 1693. 

■ Also at Arcaohon (W. A. Hcvdman, Nature^ 1893, p. 209). 

« See especially Hoek, T^dsckr. Ned. Vierlc. Vereen, Suppl. Decl. i. 1868. 
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spermatozoa being formed and fecundating these ova- — the 
^Uack-sick’ stage. In this latter view the oyster is first 
female and then male> and is, both morphologically and physio- 
logically, hermaphrodite. The old view, that ' black-sick ' 
oysters are the male, and ' white-sick ' the female, is therefore 
quite incorrect. 

The ova, in their earliest stage, consist of minute oval 
clusters of globules floating in a transparent mucua They 
pass from the ovary into the gills and folds of the mantle, and 
are probably fecundated within the excretory ducts of the ovary, 
before arriving in the mantle chamber. In this stage the oyster 
is termed ' white-sick.* In about a fortnight, as the course of 
development proceeds, the fertilised ova become ciliated at one 
end (the so-called veliger stage, p. 131), and soon pigment appears 
in various parts of the embryos, giving them a darker colour, 
which varies from greyish to blue, and thus the white-sick oyster 
becomes ‘black-sick.* When the black spat emerge, they are 
still furnished with cilia for their free-swimming life. This is 
of very short duration, for unless the embryo finds some suit- 
able ground on which to afiBix itself within forty-eight hours, it 
perishea As the spat escapes from the parent oyster, which 
slightly opens its valves and blows the spat out in jets, it 
resembles a thick cloud in the water, and is carried about at the 
mercy of wind and tide. April to August are the usual spawning 
months, warm weather being apparently an absolute necessity 
to secure the adhering of the spat. A temperature of 65® to 72® 
F. seems requisite for their proper deposit. Thus on a fine,- 
warm day, with little wind or tide running, the spat will fall 
near the parents and be safely secured, while in cold blustering 
weather it will certainly be carried off to a distance, and pro- 
bably be altogether lost. The number of young produced by 
each individual has been variously estimated at from 300,000 to 
60,000,000. Either extreme seems enormous, but it must be 
remembered that besides climatal dangers, hosts of enemies — other 
MoUusca, fish, and Crustacea — beset the opening career of the 
young oyster. 

As soon as the spat has safely ‘ fallen,’ it adheres to some 
solid object, and loses the cilia which were necessary for its 
swimming life. It begins to grow rapidly, increasing from 
about inch in diameter to about the size of a threepenny 

VOL. Ill ^ I 
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piece in five or six months, and in a year to 1 inch in 
diameter. Roughly speaking, the best guide to an oyster's age 
is its size ; it is as many years old as it measures inches acrosa 

The oyster is at its prime at the age of five ; its natural life 
is supposed to be. about ten yeara The rings, or ' shoots ' on a 
shell are not — as is frequently supposed — marks of annual 
growth ; cases have been noticed where as many as three 
^ shoots * were made during the year. 

An oyster is furnished, on the protruding edges of the 
mantle, with pigmented spots which may be termed ‘visual 
organs,’ though they hardly rise to the capacities and organisation 
of real ‘ eyea* But there is no doubt that they are sufl&ciently 
sensitive to the action of light to enable the oyster to apprehend 
the approach of danger, and close his doors accordingly. ‘ How 
sensitive,’ notes Mr. W. Anderson Smith, ^ ‘ the creatures are to the 
light above them ; the shadow of the iron as it passes overhead 
is instantaneously noted, and snap ! the lips are firmly closed.’ 

The geographical distribution of Ostrea edvlis extends from 
Tranen, in Norway, close to the Arctic circle, to Gibraltar and 
certain parts of the Mediterranean, Holland, and N. Germany to 
Heligoland, and the western shores of Sleswick and Jutland. It 
occurs in Iceland, but does not enter the Baltic, where attempts 
to colonise it have always failed. Some authorities regard the 
Mediterranean form as a distinct species. 

The literature of oyster -cookery may be passed over in 
sUence. The curious may care to refer to M. S. Lovell’s Edible 
British Mollusks, where no less than thirty-nine different ways 
of dressing oysters are enumerated. It may, however, be worth 
while to add a word on the subject of poisoTious oysters. Cases 
have been known where a particular batch of oysters has, 
for some reason, been fatal to those who have partaken of them. 
It is possible that this may have been due, in certain instances, 
to the presence of a superabundance of copper in the oysters, 
and there is no doubt that the symptoms detailed have often 
closely resembled those of copper poisoning. Cases of poisoning 
have occurred at Rochefort through the importation of ‘ green 
oysters’ from Falmouth. It would no doubt be dangerous ever 
to eat oysters which had grown on the copper bottom of a ship. 
But copper is present, in more or less minute quantities, in very 

^ BeivderlocK, p. 136. 
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many Mollusca, and it is more probable that a certain form 
of slow decomposition in some shell-fish develops an alkaloid 
poison which is more harmful to some people than to others, 
just as some people can never digest any kind of sheU-fisbu' 
These alkaloid developments from putrescence are called 
ptomaines. In confirmation of this view, reference may be 
made to a case, taken from an Indian Scientific Journal, in 
which an officer, his wife, and household ate safely of a basket of 
oysters for three days at almost every meal The basket then 
passed out of their hands, not yet exhausted of its contents, and 
a man who bad already eaten of these oysters at the officer’s 
table was afterwards poisoned by some from the same basketful. 

The cultivation of the common mussel (Mytilus edvlis L.) is 
not practised in this country, although it is used as food in the 
natural state of growth all round our coasta The French 
appear to be the only nation who go in for extensive mussel 
farming. The principal of these establishments is at a little 
town called Esnaudes, not far from La Bochelle, and within 
sight of the He de and its celebrated oyster parks. The 
secret of the cultivation consists in the employment of ' bouchots,' 
or tall hurdles, which are planted in the mud of the foreshore, 
and upon which the mussel {la movie, as the French call it) 
growa The method is said ^ to have been invented as long ago 
as 1236 by a shipwrecked Irishman named Walton. He used 
to hang a purse net to stakes, in the hope of capturing sea birda 
He found, however, that the mussels which attached themselves 
to his stakes were a much more easily attainable source of food, 
and he accordingly multiplied his stakes, out of which the 
present ' houchot ’ system has developed. The shore is simply a 
stretch of liquid mud, and the bouchots are arranged in iffiape 
•like a single or double Y, with the opening looking towards the 
sea. The fishermen, in visiting the bouchots, glide about over 
the mud in pirogues or light flat-bottomed boats, propelling 
them by shoving the mud with their feet. Each bouchot is now 
about 450 yards long, standing 6 feet out of the mud, making 
a strong wall of solid basket-work, and as there are altogether at 
least 500 bouchots, the total mussel-bearing length of wall is 
nearly 130 milea 

' This is the view of E. Ray Lankester, Quart Joum, Mier, Se, xxvL SO. 

^ De Quatrefagea, Bamblea qf a Naturaliat 
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The mussel -spat affixes itself natui‘ally to the bouehots 
nearest the sea, in January and February. Towards May the 
planting begins. The young mussels are scraped ofiF these 
outermost bouehots, and placed in small bags made of old 
canvas oi* netting, each bag holding a good handful of the 
mussels. The bags are then fastened to some of the inner 
bouehots, and the mussels soon attach themselves by their 
byssus, the bag rotting and falling away. They hang in clusters, 
increasing rapidly in size, and at the proper time are trans- 
planted to bouehots farther and farther up the tide level, the 
object being to bring the matured animal as near as possible to 
the land when it is time for it to be gathered. This process, 
which aims at keeping the mussel out of the mud, while at the 
same time giving it all the nutrition that comes from such a 
habitat, extends over about a year in the case of each individual. 
Quality, rather than quantity, is the aim of the Esnaudes 
boucholiers. The element of quantity, however, seems to come 
in when we are told that each yard of the bouehots is calculated 
to yield a cartload of mussels, value 6 francs, and that the whole 
annual revenue is at least £52,000. 

In this country, and especially in Scotland, mussels are 
largely used as bait for long-line fishing. Of late years other 
substances have rather tended to take the place of mussels, but 
within the last twenty years, at Newhaven on the Firth of Forth, 
three and a half million mussels were required annually to 
supply bait for four deep-sea craft and sixteen smaller vessels. 
According to Ad. Meyer,^ boughs of trees are laid down in 
Kiel Bay, and taken up again, after three, four, or five years, 
between December and March, when they are found covered 
with fine mussela The boughs are then sold, just as they are, 
by weight, and the shell-fish sent into the interior of Germany. 

Mussels are very sensitive to cold weather. In 1S74, during 
an easterly gale, 195 acres of mussels at Boston, in Lincolnshire, 
were killed in a single night. They soon affix themselves to the 
bottom oi vessels that have lain for any length of time in harbour 
or near the coast. The bottom of the Great Eastern steamship 
was at one time so thickly coated with mussels that it was esti* 
mated that a vessel of 200 tons could have been laden from her. 

In some of our low-lying coast distriQts mussels are a 
* Quoted by Jeffreys, BrU, C&neh. ii. p. 109. 
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valuable protection against inundation. An action for trespass 
was brought some time ago for the purpose of establishing the 
right of the lord of the manor to prevent the inhabitants of 
Heacham from taking mussels from the seashore. The locality 
is the foreshore of the sea, running from Lynn in a north- 
westerly direction towards Hunstanton in Norfolk; and the 
nature of the shore is such that it requires constant attention, 
and no little expenditure of money, to maintain its integrity, 
and guard against the serious danger of inundations of the se^ 
Beds of mussels extend for miles along the shore, attaching 
themselves to artificial jetties running into the sea, thereby 
rendering them firm, and thus acting as barriers against the sea 
[and as traps to catch the silt, and thus constantly raise the 
level of the shore]. Therefore, while it is important for the 
inhabitants, who claim a right by custom, to take mussels and 
other shell-fish from the shore, it is equally important for the 
lord of the manor to do his utmost to prevent these natural 
friends of his embankments and jetties from being removed in 
large quantities.” ^ 

The fable that Bideford Bridge is held together by the 
byssi of Mytilus, which prevent the fabric from being carried 
away by the tide, has so often been repeated that it is perhaps 
worth while to give the exact state of the case, as ascertained 
from a Town Councillor The mussels are supposed to be of 
some advantage to the bridge, consequently there is a by-law 
forbidding their removal, but the corporation have not, and 
never had, any boat or men employed in any way with regard 
to them. 

Poisoning by mussels is much more frequent than by oysters. 
At Wilhelmshaven,^ in Grermany, in 1885, large numbers of 
persons were poisoned, and some died, from eating mussels 
taken from the harbour. It was found that when transferred to 
open water these mussels became innocuous, while, on the other 
hand, mussels from outside, placed in the harbour, became 
poisonous. The cause obviously lay in the stagnant and 
corrupted waters of the harbour, which were rarely freshened by 
tides. It was proved to demonstration that the poison was not 
due to decomposition ; the liver of the mussels was the poisonous 
part. In the persons affected, the symptoms were of three 
* M. S. Lovell, Edible MidhukSt p. 49. * Scimoe, vii. p. 175. 
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kinds, exanthematous (skin eruptions), choleraic, and paralytia 
Cases of similar poisoning are not unfrequent in our own 
country, and the circumstances tend to show that, besides the 
danger from mussels bred in stagnant water, there is also risk 
in eating them when ' out of season ' in the spawning time. 

Whdks are very largely employed for bait, especially in the 
cod fishery. The whelk fishery in Whitstable Bay, both for 
bait and for human food, yields £12,000 a year. Dr. Johnston, 
of Berwick, estimated that about 12 million limpets were 
annually consumed for bait in that district alone. The cockle 
fishery in Carmarthen Bay employs from 500 to 600 families, 
and is worth £15,000 a year; that in Morecambe Bay is worth 
£ 20 , 000 . 

Cultivation of Snails for Food ; use as Medicine. — It was 

a certain Fulvius Hirpinus who, according to Pliny the elder,^ 
first instituted snail preserves at Tarquinium, about 50 B.C. He 
appears to have bred several species in his ' cochlearia,' keeping 
them separate from one another. In one division were the 
alhulae, which came from Eeate ; in another the ‘ very big snails ' 
(probably H, lucorwm), from Illyria; in a third the African 
snails, whose characteristic was their fecundity; in a fourth 
those from Soletum, noted for their ‘ nobility.’ To increase the 
size of his snails, Hirpinus fed them on a fattening mixture of 
meal and new wine, and, says the author in a burst of enthusiasm, 
'the glory of this art was carried to such an extent that a 
single snail-shell was capable of holding eighty sixpenny piecea' 
Varro® recommends that the snaileries be surrounded by a 
ditch, to save the expense of a special slave to catch the 
runaways. Snails were not regarded by the Homans as a 
particular luxury. Pliny the younger reproaches® his friend 
Septicius Clarus for breaking a dinner engagement with him, at 
which the menu was to have been a lettuce, three snails and two 
eggs apiece, barley water, mead and snow, olives, beetroot, gourds 
and truffles, and going off somewhere else where he got oysters, 
scallops, and sea-urchins. In Horace’s time they were used as a 
gentle stimulant to the appetite, for 

“ *Tis best with roasted shrimps and Afric snails 
To rouse your drinker when his vigour fails.” * 

1 Hist. JSfat, ix. 82. a De re rustica, iii. 14. * Episties, i. 16. 

* Hor. Sat. II., iv. 68, tr. Oonington. 
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Escargoti^res, or snail-gardens, still exist in many parts of 
Europe, e,g. at Dijon, at Troyes and many other places in 
oenti^ and southern France, at Brunswick, Copenhagen, and 
Ulm. The markets at Paris, Marseilles, Bordeaux, Toulouse, 
Nantes, etc., are chiefly supplied by snails gathered from the 
open country, and particularly from the vineyards, in some of 
which Hdix pomatia abounds. In the Morning Post of 8th 
May 1868 there is an account of the operation of clearing the 
celebrated Clos de Vougeot vineyard of these creaturea No less 
than 240 gallons were captured, at a cost in labour of over 100 
francs, it being estimated that these snails would have damaged 
the vines to an extent represented by the value of 16 to 20 pipes 
of wine, against which may be set the price fetched by the snails 
when sold in the market. 

It is generally considered dangerous to eat snails at once 
which have been gathered in the open country. Cases have 
occurred in which death by poisoning has resulted from a neglect 
of this precaution, since snails feed on all manner of noxious 
herba Before being sent to table at the restaurants in the great 
towns, they are fattened by being fed with bran in the same way 
as oysters. 

The Eoman Catholic Church permits the consumption of 
snails during Lent. Very large numbers are eaten in France 
and Austria at this time. At the village of Cauderon, near 
Bordeaux, it is the proper thing to end Carnival with especial 
gaiety, but to temper the gaiety with a dish of snails, as a 
foretaste of Lenten mortification. 

The following species appear to be eaten in France at the 
present day: H, pomatia, aspersa, nemoralis, hortensis, aperta, 
fisana, vermiculata, lactea. According to Dr. Gray, the glassmen 
at Newcastle used to indulge in a snail feast once a year, and a 
recent writer informs us that H. aspersa is still eaten by working 
people in the vicinity of Pontefract and Knottingley.^ But in 
this country snails appear to be seldom consciously used as an 
article of food ; the limitation is necessary, for Lovell tells us 
that they are much employed in the manufacture of cream, and 
that a retired (1) milkman pronounced it the most successful 
imitation known. 

Preparations made from snails used to be highly esteemed as 
’ Roberts, Zoologist, 18S5, p. 425. 
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a cure for various kinds of diseases and injuriea Pliny the elder 
recommends them for a cough and for a stomach^he^ but it is 
necessary “ to take an uneven number of them.” ^ Five African 
slugs, roasted and beaten to a powder, with half a drachm of 
acacia, and taken with myrtle wine, is an excellent remedy for 
dysentery. Treated in various ways, snails have been considered, 
in modern times, a cure for ague, corns, web in the eye, scorbutic 
affections, hectic fevers, pleurisy, asthma, obstructions, dropsy, 
swelling of the joints, headache, an impostume (whitlow), and 
burns. One of Pliny's remedies for headache, which competes 
with the bones of a vulture's head or the brain of a crow or an 
owl, is a plaister made of slugs with their heads cut off, which is 
to be applied to the forehead. He regards slugs as immature 
snails, whose growth is not yet complete (nondum perfectue). 
Lovell states that “a large trade in snails is carried on for 
Covent Garden market in the Lincolnshire fens, and that they 
are sold at 6d. per quart, being much used for consumptive 
patients and weakly children.” 

The custom still seems to linger on in some parts of the 
country. Mr. E. Bundle, of the Koyal Cornwall Infirmary, gives 
his experience in the following terms : " I well remember, some 
twelve years since, an individual living in an adjoining parish 
[near Truro] being pointed out to me as * a snail or slug eater.' 
He was a delicate looking man, and said to be suffering from 
consumption. Last summer I saw this man, and asked him 
whether the statement that he was a ‘ snail eater ' was true : he 
answered, ‘Yes, that he was ordered small white slugs — not 
snails — and that up till recently he had consumed a dozen or 
more every morning, and he believed they had done him good.' 
There is also another use to which the country people here put 
snails, and that is as an eye application. I met with an instance a 
few weeks since, and much good seemed to have followed the use.” ^ 

A reverend Canon of the Church of England, whose name I 
am not permitted to disclose, informs me that there was a belief 
among the youth of his native town (Pontypool, in Monmouth- 
shire) that young slugs were ‘ good for consumption,' and that 
they were so recommended by a doctor who practised in the 
town. The slugs selected were about | inch long, “ such as may 
be seen crawling on the turf of a hedge-bank .after a shower of 
» Hist. Nat. XXX. 16, 19. “ Science Qtmip, 1891, p. 166. 
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rain/* They were placed upon the tongue without any previous 
preparation, and swallowed aliva” My informant himself in- 
dulged in this practice for some time, “ not on account of any 
gustatory pleasure it afforded, but from some vague notion that 
it might do him good.” 

A colleague of mine at king’s College tells me that the country 
people at Ponteland, near Morpeth, habitually collect iimo® 
agrestis and boil it in milk as a prophylactic against consump- 
tion. He has himself frequently devoured them alive, but they 
must be swallowed, not scrunched with the teeth, or they taste 
somewhat bitter. 

Snails have occasionally fallen, with other noxious creatures, 
under the ban of the Church. In a prayer of the holy martyr 
Trypho of Lampsacus (about 10th cent. a.d.) there is a form of 
exorcism given which may be used as occasion requires. It 
runs as follows: "0 ye Caterpillars, Worms, Beetles, Locusts, 
Grasshoppers, Woolly- Bears, Wireworms, Longlegs, Ants, lice, 
Bugs, Skippers, Cankerworms, Palmerwonns, Snails, Earwigs, 
and all other creatures that cling to and wither the fruit of the 
grape and all other herbs, I charge you by the many-eyed 
Cherubim, and by the six-winged Seraphim, which fly round the 
throne, and by the holy Angels and all the Powers, etc. etc., hurt 
not the vines nor the land nor the fruit of the trees nor the 

vegetables of the servant of the Lord, but depart into the 

wild mountains, into the unfruitful woods, in which God hath 
given you your daily food.” 

Prices given for Shells. — Very high prices have occasionaUy 
been given for individual specimens, particularly about thirty or 
forty years ago, when the mania for collecting was at its height. 
In those days certain families, such as the Volutidae, Conidae, and 
Cypraeidae, were the especial objects of a collector’s ardour, and 
he spared no expense to make his set of the favourite genus as 
complete as possible. Thus at Stevens* auction-rooms in Covent 
Garden, on 21st July 1854, one specimen of Conus cedo nulli 
fetched *£9 : 10s., and another £16, a C, omaicus 16 guineas, 
C, victor £10, and (7. gloria maris, the greatest prize of all, 
£43 : Is. At the Veni^de sale, on 14th Dec. 1859 two Conus 
omaicus fetched £15 and £22, and a C. gloria maris £34. At 
the great Dennison sale, in April 1865, the Conidae fetched 
extravagant prices, six specimens averaging over £20 a-piece. 
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Conus cedo nulH went for £18 and £22, G. omim for £12, 
C. mdmanus for 10 guineas (this and one of the cedo mdli 
being the actual specimens figured in Eeeve’s Conchologia 
Iconm), G. term for £19 and C. gloria mris for £42. On 
9th May 1866 a Cypraea Broderipii was sold at Stevens’ auction- 
rooms for £13, and at the Dennison sale a Cypraea princes 
fetched £40, and C. guttata £42. The Volviidae, although not 
quite touching these prices, have yet done fairly well Mr. 
Dennison’s Voluta fusiformis sold for £6: 15&, V.papUlaris for 
£5, V. cymMola for £5 ; 15s., V. reticulata for 8 guineas, and two 
specimens of the rarest of all Volutas, V. f estiva, for £14 and 
£16, both being figured in the Conchologia. At the same 
sale, two unique specimens of Oniscia Dennisoni fetched £17 
and £18 respectively, and, at the VernMe sale, Aneillaria 
VernMei was bought for £6 : 10s., and Voluta piperata for 
£ 7 : 108 . 

A unique specimen of a recent Pleurotomria {guoyana 
F. and B.) was purchased by Miss de Burgh in 1873 for 26 
guineas, and another species of the same genus (adansoniana 
Cr. and F.), of extraordinary size and beauty, is now offered for 
sale for about £100. 

Bivalves have never fetched quite such high prices as uni- 
valves, but some of the favourite and showy genera have gone 
near to rival them. On 22nd June 1869, at Stevens’, Pecten 
Solaris fetched £4 :5s., P. Peevii £4 :8s., and Cardita vwria 
5 guineas. Mr. Dennison’s specimens of Pecten sulnodosus sold 
for £7, of Corhula Sowerhyi for £10, of Pholadomya Candida 
for £8 and £13, while at the VemMe sale a Chama danUcorms 
fetched £7. 


CHAPTER V 


MiPKODUCTION — DEPOSITION OF EGGS — DEVELOPMENT OF THE 
FERTIUSED OVUM — DIFFERENCES OF SEX — DIOECIOUS AND 
HERMAPHRODITE MOLLUSCA — ^DEVELOPMENT OF FRESH-WATER 
BIVALVES. 

Reproduction in the Mollusca invariably takes place by means 
of eggs, which, after being developed in the ovary of the female, 
are fertilised by the spermatozoa of the male. As a rule, the 
eggs are ‘ laid,’ and undergo their subsequent development apart 
from the parent. This rule, however, has its exceptions, both 
among univalve and bivalve Mollusca, a certain number of which 
hatch their young from the egg before expelling them. Such 
ovoviviparous genera are Melania, Palvdina, Balea, and Codiaxis 
among land and fresh -water Mollusca, and Cymha and many 
Littorina amongst marine. The young of Melania tubercvlata, 
in Algeria, have been noticed to return, as if for shelter, to the 
branchial cavity of the mother, some days after first quitting it. 
Isolated species among Pubnonata are known to be ovovivi- 
parous, e.g. Patula Cooperi, P. Hemphilli, and P, rupestris, 
Aeanthinida harpa, Microphysa vortex, Pupa cylindraeea and 
musemim, Clausilia ventricosa, Opeas dominicensis, Rhytida in- 
aepualis, etc. All fresh-water Pelecypoda yet examined, except 
Dreissensia, are ovoviviparous. 

The number of eggs varies greatly, being highest in the 
Pelecypoda. In Ostrea edtUis it has been estimated at from 
300,000 to 60,000,000 ; in Anodonta from 14,000 to 20,000 ; 
in Unio pictorvm 200,000. The eggs of Doris are reckoned at 
from 80,000 to 600,000, of Loliyo and S^na at al)Out 30,000 
to 40,000. Pulmonata lay comparatively few eggs. Arion ater 
has been observed to lay 47? in forty-eight days (p. 42). Nests 
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of Beitx asjpersa have been noticed, in which the number of eggs 
varied from about 40 to 100. They are laid in little cup- 
shaped liollows at the roots of grass, with a little loose earth 
spread over them. The eggs of Testacella are rather large, and 
very elastic; if dropped on a stone Hoor they will rebound 
sharply several inches. The Cochlostyla of the Philippines lay 
their eggs at the tops of the great forest trees, folding a leaf 
together to serve as a protection. 

The eggs of the gimt tropical Bulimus and Achatina, 
_ together with those of the Mojctoon 

^ ^ group of Hdix {Helicophanta, Acavus, 

£ Panda) are exceedingly large, and the 

f S ^ number laid must . be decidedly less 

I than in the smaller Pulnionata. Buli- 

\ JV ohlongus, for instance, from Bar- 

bados, lays an egg alx)ut the size of a 
sparrow's (Fig. 38), Achatina sinis’^ 

>Fio. 88. — Newly -hatched young , \ • > mi 

and egg of Bulimus obiongus trorsa as large as a pigeons. The 

Mull., Barbados. Natural Cingalese Hdix Waltoni when first 

hatched is about the size of a full- 

grown H. hortensis. There is, in the British Museum, a sj)eci- 

men of the egg of a B'ldimm from S. America (probably maaiimus 

OT popelairanus) which measures exactly 1| inch in length. 

The Limnaeidae deposit their eggs in irregular gelatinous 

masses on the under side of the leaves of water-plants, and on 

all kinds of debris. 


The Bachiglossa or marine carnivorous families lay their 
eggs in tough leathery or bladdery capsules, which are frequently 
joined together in shapes which differ witli tlie genus. Each 
capsule contains a varying number of ova. The cluster of egg 
capsules of Buccinum undatum is a familiar object on all our 
sandy coasts. The capsules of Purpura lapillus are like delicate 
pink grains of rice, set on tiny stalks. They are not attached to 
one another, but are set closely together in groups in sheltered 
nooks of the rocks. A single Purpura has l>een observed to pro- 
duce 24/5 (iapsules! Busy con lays disc -shaped capsules which 
are all attached at a point in tlie edge to a cartilaginous l)and 
nearly 3 feet in length, looking like a nuinl)er of coins tied 
to a string at equal distances from one another. In Murex 
eriiuicms the (jgg capsules are triangular, with a short stalk. 
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They are deposited separately in clusters of from 15 to 150, there 
being about 20 ova in etich capsule. It appears that all the 
species of the same genus have by no means the same method 
of depositing their eggs, nor do they always produce eggs of at 
all similar size or shape. Thus, of two British species of iVassa, 



Pia, 39. — VarioQK forms of spawn 
in PrMobranckiaia A and U, 
Pyrula op B\Uf^con; B,. Conus; 
C, VUuta muvim; E, Amjnd’ 
Uma (from specimens in the 
Btitish Museum); all x 


K reticulata lays egg-capsules in shape like flattened pouches 
with a short stalk, and fastens them in rows to the leaves of 
Zostera ; N. iivcrasmta, on the other hand, deposits solitary 
capsules, which are shaped like rounded oil-llasks. Neftunea 
antiqua lays its eggs in bunched capsules, like Btccc, uridatum 
(Fig. 40), but the capsules of N. gracilis are solitary. 

In Natica the eggs are deposited in wliat looks like a thick 
piece of sand-pai)er, curled in a spiral form (Fig. 41). The 'sand 
is agglutinated by copious mucus into a sort of sheet, and the 
eggs are let into this, sometimes (JV. heros) in regular quincunx 
form. lanthina attaches its eggs to the under side of its float 
(Fig. 42). The Trochidae deposit their eggs on the under side 
of stones and sea-weeds, each ovum being contained in a separate 
capsule, and all the capsules glued together into an irregular 
mass of varying size. The female of Golems chinensis hatches 
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her eggs by keeping them between her foot and the stone she 
adheres to. They are laid in from 6 to 10 capsules, connected 
by a pedicle and arranged like the petals of a rose, with 1 0 to 1 2 



Fig. 40.— Egg-capsules of, A, Nassa Pio. 41. — Spawn of a species of 

reticulata L. x J ; B, Buccinuvi Natica (from a specimen in the 

nvdatum L. x § ; C, Neptunea British Museum) x J. 

antiqua L. x 

eggs in each capsule. Those Littorina which are not ovovivi- 
parous deposit their spawn on sea-weeds, rocks, and stonea 
The eggs are enveloped in a glairy mass which is just firm 
enough to retain its shape in the water ; each egg has its own 



Pia. 42. larUhina fragilis Lam. FLi float ; 0, ova ; Pr, proboscis ; Br, branchiae ; 
F, foot. (Quoy and Gaimard.) 

globule of jelly and is separated from the others by a very thin 
transparent membrane.^ 

Chiton marginatm^ when kept in captivity, has been noticed^ 
1 Jeffreys, BrU. Ctmk. iii. p. 355. « W. Clark, Mag, NaL HitA, xvi. p. 44(5. 
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to elevate the posterior part of the girdle, and to pour out a 
continuous stream of flaky white matter like a fleecy cloud, 
which proved to be of a glutinous nature. It then discharged 
ova, at the rate of one or two every second, for at least fifteen 
minutes, making a total of 1300 to 1500, each being about 
inch diameter. The ova were shot into the glutinous cloud, 
which seemed to serve as a sort of nidus to entangle the ova and 
prevent them being carried away. The subsequent development 
was rapid, and in seven days the young Chiton was hatched, 
being then about ^ inch long. Lov4n has described the same 
species as laying its eggs, loosely united in clusters of seven to 
sixteen, upon small stones. There is probably some mistake about 
the identification, but the observation illustrates the varying 
methods of oviposition among allied forms. 

Not very much is known with regard to the ovipositing 
of the Cephalopoda, especially those which inhabit deep water. 
Masses of ova arranged h 
very various forms have occa 
sioiially been met with float 
iug in the ocean, but it i 
next to impossible to deter 
mine to what species, or eve: 
genus, they belong.^ 

In Loligo punctata th 
ova are contained in sma] 
cylindrical cases measui’ing i 
to 4 in. by -I- in., to th 
number of about 250 ova i: 
each case. Hundreds of these 
cases are attached together like a bundle of sausages or young 
carrots, and the movements of the embryos within can be dis- 
tinctly noted. Sepia offiA::inalis lays large black pear-shaped 
capsules, each of which is tied to some place of attachment by a 
kind of ribbon at the upper end of the capsule, the whole form- 
ing a large group like a bunch of grapea Octopus vulgaris 
deposits thousands of small berry-shaped ova, attached to a string 
which runs along the centre of the moss (Fig. 43). 

The so-called shell of the female Argonauta is nothing more 

^ Examples will bo found in Jouni. Limu iSbc. ZwL. xi. p. 90 ; Awi^ Sc. Kol. 
XX. !>. 472 ; Zcli, wiaa. Zool. xxiv. ix 419. 
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than a form of protection for the ova, and is in no sense homo- 
logous to the ordinary molluscan shell The ova consist 
large granulated mass, attached to a many branched stem ; they 
are contained in the spire of the shell, in contact with the 
posterior part of the body of the mother, but sometimes project 
externally beyond the coil of the spire. 

Certain species possess the curious property of laying their 
eggs on the outside of their own shells. Buceinopsis Balei is 
not unfrequently found decorated with its own egg capsuleu 
Possibly this species, which lives on oozy ground, iinds this 
the only secure place of attachment for its progeny. Neritina 
jiumatilis has a similar habit, and so have many other species of 
Neritina and Navicella, It is not quite clear, in the latter cases, 
whether the eggs are laid by the specimens on whose shell 
they are found, or whether they are deposited by others. In 
either case, perhaps the shell is the safest place for them in the 
rapid streams which both genera frequent. Specimens of Hydrohia 
ulvae taken on the wet sands at the mouth of the Bee, are 
found to have several little rounded excrescences scattered over 
the surface of the shell These, on examination, are found to 
be little masses of small sand -grains, in the centre of which 
is a clear jelly containing . segmenting ova or young embryos. 
Here again, in all probability, the shell is the only comparatively 
stable object, in the expanse of shifting sands, on which the eggs 
can be laid.^ 

The pulmonate genus Libera, which occurs on a few of the 
island groups in the Central Pacific, is remarkable for the habit 
of laying its eggs within its own cavernous umbilicus, which is 
narrowed at the lower part. The eggs number from four to six, 
or the same number of very young shells may be seen closely 
packed in the cavity, each being in shape exactly like a young 
Planorhis. This constriction of the umbilicus does not occur till 
the formation of the last two whorls, i.e. till the animal is sexually 
mature. Some species, but not all, provide for the safety of their 
eggs more completely by forming a very thin shelly plate, which 
nearly closes the umbilical region, and breaks away or is absorbed 
to facilitate the escape of the young shells.^ 

Union of Limaz. — With regard to the act of union itself, 

* llerduian, Proc. Liverp. BioL Soc. iii. p. 80. 

• Garrett, Joum. Ac. Nat. Sc. Phil. viii. (1880). 
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the method in certain species of Limax deserves special notice. 
L. maodmus has been observed at midnight to ascend a wall or 
some perpendicular surface. A pair then crawl round and round 
one another emitting a quantity of mucus which at length forms 
a patch, 2 to 2^ inches in diameter. When this acquires con- 
sistency the pair begin to twist round each other in corkscrew 
form, and detach themselves from the wall, hanging by a cord 
of the thickened mucus, about 8-15 inches long, and still twist- 
ing round each other. The external generative organs are then 
protruded and copulation takes place, after which the bodies 
untwist, separate, and crawl up the cord again to the walL^ 

Periodicity in Breeding. — In the marine Mollusca, the 
winter months appear to be the usual time for the deposition of 
6ggs. Careful observations have been made on the Mollusca 
occurring at Naples,^ and the general result seems to be that for 
all Orders alike the six winter months from November to April, 
roughly speaking, are the breeding time. Scarcely any forms 
appear to breed habitually in August, September, or October. 
On our own coasts, Nudibranchiata come in shore to deposit 
their ova from January to ApriL Furpum lapillus may be 
observed depositing ova all the year round, but is most active 
from January to April. Buccinum undatum breeds from October 
to May ; LittoTiwi all the year round. 

The land Mollusca exhibit rather more periodicity than the 
marine. In temperate climates they breed exclusively in the 
summer montlis. In the tropics their periods are determined 
by the dry and rainy seasons, where such occur, otherwise they 
cohabit all the year round. According to Karl Semper, the 
snails of the warm Mediterranean region arrive at sexual maturity 
when they are six months old, i.e. before they are fully grown. 
After a rest of about three months during the heat of summer, a 
second period of ovipositing occurs.® Hdix hortensis and H. 
nemoralis ascend trees, sometimes to a height of forty feet, when 
pairing.* 

Hybridism as the result of union between different species of 
Mollusca is exceedingly rare, Lecoq once noticed ® on a wall at 
Anduze (Gard) as many as twenty specimens of Pupa ciuerm 

1 J. Bladon, Zooiogiat, xvi p. 6272. 

® Lo Bianco, MT. Zool. SUU. Neap. viii. p. 414. * Anwiat Life^ i>p. 126, 1S5. 

* H. Rimmor, La'ad emd Fndi- IVaUrSMls, p. 119. ‘ Joum, de t^ondi. ii. p. 245. 

VOL. in ^ 
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united with Clausilia papillaris. No offspring seem to have 
resulted from what the professor calls ‘ this innocent error/ for 
the wall was carefully scrutinised for a long time, and no hybrid 
forms were ever detected. 

The same observer noticed, in the Luxembourg garden at Paris, 
and M. (Tassies has noticed ^ at various occasions, union between 
Helix aspersa and nemoralis, H. aspersa and vermimlata, between 
Stenogyra decollata and a Helix (sp. not mentioned), H. variabilis 
and pisana, H nemoralis and hortensis. In the two latter cases 
a hybrid progeny was the result. It has been noticed that these 
unions generally took place when the air was in a very electric 
condition, and rain had fallen, or was about to fall, abundantly. 

Of marine species Liitorina rudis has been noticed ^ in union 
both with L. ohtusata and with Z. littorea, but no definite facts 
are known as to the result of such unions. 

Self-impregnation (see p. 44). 

Development of the Fertilised Ovum. — The first stages in 
the development of the Mollusca are identical with those which 
occur in other classes of animals. The fertilised ovum consists of 
a vitellus or yolk, which is surrounded with albumen, and is 
either contained in a separate capsule, or else several, sometimes 
many, ova are found in the same capsule, only a small proportion 
of which ultimately develop. The germinal vesicle, which is 
situated at one side of the vitellus, undergoes unequal segmenta- 
tion, the result of which is usually the formation of a layer of 
small ectoderm cells overlying a few much larger cells which 
contain nearly the whole of the yolk. The large cells are then 
invaginated, or are simply covered by the growth of the ectoderm 
cells. The result in either case is the formation of an area, the 
blastopore, where the inner cells are not covered by the ectoderm. 
The blastopore gradually narrows to a circular opening, which, in 
the great majority of cases, eventually becomes the mouth. The 
usual differentiation of germinal layers takes place, the epiblast 
eventually giving rise to the epidermis, nervous system, and 
special sense organs, the hypoblast to the liver and to the middle 
region of the alimentary tract, the mesoblast to the muscles, the 
body cavity, the vascular, the excretory and reproductive systems. 
The next, or trochosphere {trochophora) stage, involves the forma- 

* Joura. de Conchyl. iii. p. 107. 

• Jeffreys, BrU. Ccmk. iii. p. 359 ; Sauvage, Jtmm. di Qmvdvyl. xzl p. 122. 
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tion of a circlet of praeoral cilia, dividing the still nearly spherical 
embryo into two unequal portions, the smaller of which consists 
simply of the prostomium, or part in front of the mouth, the 
larger bearing the mouth and anua 

So far the series of changes undergone by the embryo are not 
peculiar to the MoUusca ; we now come to those which are 
definitely characteristic of that group. The stage next succeed- 
ing the development of the trochosphere is the definitive forma- 
tion of the mlurtiy a process especially characteristic of the 
Gasteropoda and Pelecypoda, but apparently not occurring in the 
great majority of land Pulmonata. 

The circlet of cilia becomes pushed more and more towards 



Fia, 44. — Veligers of Denialium enialis L.; A, lougitudioal section of a larva 14 hours 
old. X 285 ; B, larva of 37 hours, x 165 ; C, longitudinal section of larva of 34 
hours, X 165 ; w, mouth ; v v, velum. (After Kowalewsky). 


the anterior portion of the embryo, the cilia themselves become 
longer, while the portion of the body from which they spring 
becomes elevated into a ridge or ring, which, as a rule, develops 
on each side a more or less pronounced lobe. The name mluvi 
is applied to this entire process of ciliated ring and lobes, and 
to the area which they enclose. 

In this so-called veliger stage, the velum serves, in the first 
place, to cause rotation of tlie larva within the egg-capsules, and, 
after hatching, as an organ of locomotion. As a rule, the velum 
disappears entirely in the adult mollusc after the free-swimming 
stage is over, but in the common Limnaca stagnnlis it persists, 
losing its cilia, as the very prominent circum-oral lobes. Simul- 
taneously with the development of the velum, and in some cases 
earlier, appear the rudiments of the shell-gland and of the foot. 
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the latter being situated on the ventral aide, between the mouth 
and anus, the former on the dorsal side, behind the velum, and 
above the surface of the eventual visceral sac. Thus the prime 
characteristics of the veliger stage, subsea uent to the appearance 



Pia. 46. — Veliger of Patella wdgata 
L., 130 hours old :/, rudimentaiy 
foot ; operculum ; sh, shell ; 
t>, V, velum. (After Patteu, highly 
maguitied.) 


Fig. 46. — Developed larva of Cyclas cornea L. : 
hr^ rudimentary branchiae ; hy, byssus ; /, 
foot ; mantle edge ; sh^ shell. (After 
Ziegler, liighly magnihed.) 


of the velum itself, are the development of the viacie.Ml sac and 
shell -gland on the upper, and of the foot on the under side. 
According to Lankester the primitive shell-gland does not, as a 



Fio. 47. - A, Advanced 
veliger of Jheissensui : 
/, foot ; »/, mouth ; 
shell ; V, r, velum. (After 
Korsclielt and Heider, 
much enlarged. ) B, 
Veliger of a P*teropod 
( Ti^emannia) : op^ oper- 
culum ; sht shell ; u, 
velum. (After Krohn, 
much enlarged). 


rule, directly give rise to the shell of the adult mollusc, but 
becomes filled up by a horny substance, and eventually disappears ; 
the permanent shell then forms over the surfiice of the visceral 
hump from the original centre of the shell-gland. It is only in 
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Chiton, and possibly in Limax, that the primitive shell^sac is 
retained and developed into the final shell-forming area, which 
is much wider, and extends to the edges of the mantle* Within 
the velar area first appear the rudiments of the tentacles and eyes ; 
when these become developed the velum atrophies and disappears. 

Several of these veligers when captured in the open sea have 
been mistaken for perfect forms, and have been described as such. 
Thus the larva of Dolium has been described as Macgillivrayia, 
that of a Purpura as Chdotropis and Sinusigera, that of 
Aporrhais pes pelecani as Chiropteron, that of Marsenia compicua 
as Brownia, JEchinospira, and Calcardla. 

Cephalopoda. — The embryonic development of the Cephalopoda 
is entirely distinct from that of all other MoUusca. The 
segmentation of the vitellus 

is partial, and the embryo is 4 ?^ 

furnished with a vitelline 

sac, which is very large in g * 1 

the majority of cases (Fig. 

48). There is no free- 
swimming stage, but the m 

embryo emerges from the i » \ ^ 

egg fully developed. ^ M m / 1 

Differences of Sex. — In 

the Mollusca there are two ^ 5 

main types of sexual differ- fio. 48 . -Two stages in the development of 
ence : f i) sexes separate (dioe- Ldigo vulgarU Lam. *. au ai, first, and 02, 03, 

^ ^ ^ nvmo . Im. ‘KmmA'kiaA attAM 


main lypes 01 sexuai uiner- fio. 48. -Two stagee in the development of 

ence : (i) sexes separate (dioe- Ldigo vulgarU Lam. *. Oi, Oi, first, and 02, O3, 

-ii second pairs of arms; 6r, branchiae, seen 
CtOUS type), (11) sexes united through w, mantle ; e, e, eyes ; Ji, fins ; fu, 
in the same individual (her- funnel ; ^.j?, vitelline sac. (After Kowai- 

^ 6 WBK V f 

maphrodite type). 

In some crises — e.g. certain Pelecypoda-' — what is practically 
a third type occurs. The animal is hermaphrodi^, but the male 
and female elements are not developed simultaneously, i.e. the 
same individual is at one time female, at another male. 

1. The sexes are separate in 
All Cephalopoda. 

Gasteropoda Amphineura (except Neomeniidae'). 
Gasteropoda Prosoh'anchiata (except Valvata and some 
species of Marsenia). 

Scaphopoda. 

Many Peleippoda. 
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2. The sexes are united in 

OcLsteropoda Opisthohranchiata. 

Gasteropoda Pulmonata, 

Certain Pelecypoda} 

In the dioecious Mollusca, sexual union is the rule, but is by 
no means universal. In some instances, — e.g. Vermettcs, Magilus, 
Patella, Haliotis, Crepidula, Chiton, the Scaphopoda — the form 
and habits of the animal do not admit of it ; in others (many 
Trochus) a male copulative organ is wanting. When this is the 
case, the male scatters the spermatozoa freely ; the majority must 
perish, but some will be carried by currents in the direction of the 
female. 

When the sexes are separate, the female is frequently larger 
than the male. This is markedly the case in Littorina, Pibccinum, 
and all the Cephalopoda ; in Argonauta the difference is extreme, 
the male not being more than ^ the size of the female. 

Those hermaphrodite Mollusca which are capable of sexual 
union (Gasteropoda, Pulmonata and Opisthobranchiata) are con- 
veniently divided into two sections, according as (1) there are 
separate orifices for the male and female organs, or (2) one orifice 
serves for both. To the former section {Digonopora belong the 
Limnaeidae, Vaginulidae, and Onchidiidae, and many Opistho- 
branchiata, including all the Pteropoda ; to the latter {Mono^ 
gonopora^) nearly all the Nudibranchiate Opisthobranchiata, and 
all the rest of the Pulmonata. In tlie latter case during union, 
mutual impregnation takes place, and each of the two individuals 
concerned has been observed (compare p. 42) to deposit eggs. In 
the former, however, no such reciprocal act can take place, but 
the same individual can play the part of male to one and female 
to another, and we sometimes find a string of Limnaea thus 
united, each being at once male and female to its two adjacent 
neighbours. 

The Reproductive System. — Broadly speaking, the compli- 
cated arrangements which are found in Mollusca resolve themselves 
into modifications of three important factors : — 

(a) The gonads or germ-glands, in which are developed the 


* Hermaphroditism seems to occur in (a) wliole families, e,g, Anatinidae and the 
Septihranckia ; {b) genern, e.g. Cyclas, Pisidium ; (c) single 8{»ecie8, e.g. in the 
generally dioecious genera Ostrea, Pecten, Cardium. 

* diJw, two ; single ; ybvot, semen ; ar^pos, passage. 
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ova and the spermatozoa. These glands are generally known as 
the ovary in the female, the sperm-gland or testu in the male. 

(J) The channels which provide for the passage of the seminal 
products ; namely, the oviduct in the female, the vao deferem or 
sperm-duct in the male. 

(c) The external generative organs. 

Dioedons Mollnsca. — The common Liitorina ohtusata will 
serve as a typical instance of a dioecious prosobranchiate, exhibit- 
ing the simplest form of organa In the female the ovary, a 
lobe-shaped body, is embedded in the liver. An oviduct with 



Fig. 49. — Generative and other organs Fio. 60. — Generative and other organs 

of Littorina obtusata L., female, of Liitorina obtitmia L., male, 

A, anus. U, muscle of A. anus. U, muscle of attach- 

Br, branchia. attachment. Br, branchia. ment. 

Buc. buccal mass. 0\ female orifice. H, heart. Pe, penis. 

H, heart. oviduct. 1, intestine. Te, testis. 

Hep. hepatic duct. Oee, oesophagus. liver. VD, vas deferens. 

I, continuation of Ov, ovary. (After Souleyet.) 

oe8ophagu.s Ba, radula. 

"Sif kidney. St, stomach, 

u liver. U, uterus. 

(After Souleyet.) 


many convolutions conveys the ova into the uterus, an oblong 
chamber which consists simply of a dilatation of the oviduct. The 
ova descend into the uterus, which is sometimes furnished with a 
seminal pouch. In this stmiiiial pouch, or above it, in the oviduct, 
the ova come into contact with the spermatozoa. The lower part 
of the uterus secretes a gelatinous medium (or capsule, as the case 
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may be) in which the fertUiaed ova become enclosed previous th| 
exclusion. In position the oviduct abuts on the kidney, while the 
uterus is in close proximity to the rectum, and the fcaialc csAteinci.1 
orifice is found close to the anus, within the branchial cavity. 

The male organs of LUtorina are more simple. The testu is 
lodged, like the ovary, in the liver ; the vas is, like the 

oviduct, convoluted, and eventually traverses the right side of the 
neck, emerging near the right tentacle, and terminating in the 
peww or external copulative organ (Fig. 50). 

This system prevails, with but slight modifications in detail, 
throughout the prosobranchiate Gasteropoda. The most important 
modification is the passage of the seminal products in certain cases 
(many of the Diotocardia) through the right kidney, with which 
the oviduct and vas deferens always stand in dose relation. The 
same arrangement occurs in the Scaphopoda and some Pelecypoda. 

The penis varies greatly in form and size. In the Strombidae 
(see Fig. 99) and Buccinidae (Fig. 62) it is very large and promi- 
nent ; in Littorina it is somewhat spinulose at one side ; in 
Faludina a portion of it is lodged in the right tentacle, which 
becomes atrophied and much more obtuse than the tentacle on 
the left side. 

Spermatozoa. — The shape of the spermatozoa and of the 
ova in MoUusca is of the usual type. In Paltidina, AmpvMaria, 
and certain species of Mwrex two types of spermatozoa occur, 
one hair-like, the other worm-like, three times as long as the 
former, and not tapering at one end. The former type alone 
take part in fertilisation, and penetrate the ovum. It has been 
suggested that these worm -like spermatozoa are a kind of 
incipient ova, and indicate a possible stage in commencing 
hermaphroditism. And, since the nearest allies of the Proso- 
branchiata (in which these types occur) are hermaphrodite (i.«, 
the Opisthobranchiata and Pulinonata), it is not unreasonable to 
suppose that the Prosobranchiata should show some tendency 
towards hermaphroditism in their genital glands.^ 

Cephalopoda. — The special characteristic of the reproductive 
organs in female Cephalopoda is the development of various glands, 
some of considerable size, in connexion with the ovary and 
oviduct. Sepia, Loligo, and Sepiola are furnished with two large 
nidamental glands, which open into the mantle cavity independ- 
* Von Bninn, Ar^ Mikr, AnaL xxiii, p. 418. 
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eritly of the oviduct. Their purpose is to produce a viscid mucus, 
which envelops the ova at the moment of their emission and 
eventually hardens into the ^g-capsulea A pair of accessory 
nidamental glands occur in Sepia, as well as a pair of smaller 
glands situated on the oviduct itself. 

In many of the male Cephalopoda the vas deferens is long 
and dilated at its outer end into a glandular reservoir, within 
which are formed the spermatophores, or narrow cylindrical 
packets which contain a very large number of spermatozoa. 
Wlien charged, the spermatophores pass into what is known as 
Needham's sac, where they remain imtil required for use. 
These spermatophores are a very characteristic part of the 
reproductive arrangements in the Cephalopoda. The male of 
Sepia has been noticed to deposit them, during union, upon the 
buccal membrane of the female. During the emission of the ova 
by the female, the spermatophores, apparently through the 
agency of a kind of spring contained at one end, burst, and 
scatter the spermatozoa over the ova. 

The Hectocotylus Arm. — Perhaps the most remarkable 
feature in the sexual relations of all the Mollusca is the so- 
called hectocotylus of the Cephalopoda. In the great majority of 
the male Cephalopoda, one of the ‘ arms,' which is modified for 
the purpose in various ways and to a greater or less extent, be- 
comes charged with spermatophores, and sometimes, during union, 
becomes detached and remains within the mantle of the female, 
preserving for some considerable time its power of movement. 

The hectocotylus is confined to the dibranchiate Cephalopoda, 
and its typical form, i.e. when part of the arm becomes disengaged 
and left with the female, occurs only in three genera of the 
Octopodidae,viz. Argonauta, Ocythoe {Philonexis), and Tremoctopus, 
In all of these, the male is many sizes smaller than the female. 
In Argou/auta the third arm on the left side becomes hectocoty- 
iised. At first it is entirely enveloped in a kind of cyst, in such 
a way that only a small portion of the tip projects ; subsequently 
the cyst parts asunder, and allows the arm to become expanded 
to its full length, which considerably exceeds that of the other 
arms. At a certain point the acetabula or suckers terminate, 
and the remainder of the arm consists of a very long, tapering, 
sometimes thread-like filament, which is pointed at the extreme 
tip. It is not yet known how the spermatophores find their way 
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into the hectocotylus, or how the hectocotyhis impregnates the 
ova of the female. . The arm thus affected is not always the 
same. In Tremoctopus it is the third of the right side, in the 
Decapoda the modification usually affects the fourth of the left. 

This singular property of the male Cephalopoda has only 
recently been satisfactorily explained. It is true that Aristotle, 
more than twenty-two centuries ago, distinctly stated that certain 



Fio. 51 . — Male of Ocj/thoe iubercu- 
lataJi&L ( = Philonexis ctztenu- 
latuSf Fer. ), Mediterranean, 
showings three stages, A B, 
and C, in the development of 
the hectocotylus arm : A.cy, 
hectocotylus still in the cyst ; 
c'y'i spoon-shapetl cyst at the 
end of the arm when freed ; 
thf thread-like organ freed by 
the rupture of c y. Natural 
size. From specimens in the 
British Museum. 


of the arms were modified for sexual purposes. Speaking of 
what he calls the polypus (which appears to represent the Octopus 
vulgaris of the Mediterranean), he says : ‘ It differs from the 
female in having what the fishermen ciill the white sexual organ 
on its arm ; ’ again, ' Some say that the male has something of a 
sexual nature {alhoi&ih tl) on one of its arms, that on which 
the largest suckers occur ; that this -is a kind of muscular 
appendage attached to the middle of the arm, and that it is 
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entirely introduced within the funnel of the femala' Unfor- 
tunately the word translated by introduced is corrupt, and can 
only be restored conjecturally. He again remarks, ' The last of 
the arms, which tapers to a fine point and is the only whitish 
arm, it uses in sexual union/ ^ 

The typical hectocotylus seems to have entirely escaped 
notice until early in the present century, when both Delle Chiaje 
and Cuvier described it, as detected within the female, as a 
parasite, the latter under the name of Hectocotylus octopodis. 
Kolliker, in 1845-49, regarded the hectocotylus of Tremoctopus 
as the entire male animal, and went so far as to discern in it an 
intestine, heart, and reproductive system. It was not until 1851 
that the investigations of V^rany and Filippi confirmed a 
suggestion of Dujardin,^ while H. Muller, in 1853, completed the 
discovery by describing the entire male of Argonauta. 

In all genera of dibranchiate Cephalopoda except Argonanta, 
Ocythoe, and Tremoctopus y one of the arms is sexually modified in 
various ways, but never becomes so much prolonged, and is never 
detached and left with the female. In Loligo Forhesii Stp. the 
fourth arm on the left has 23 pairs of regularly developed aceta- 
bula, which then lessen in size and disappear, being replaced by 
long pedunculated papillae, of which there are about 40 paira 
In Loligo vulgaris Lam. and Z. Pleii Orb. 18 or 19 pairs of 
acetabula are regularly formed, and then occur 40 pairs of papillae, 
as in Forhesii. In other species of Loligo {gahi Orb,, hrevis BL, 
hrasilieusis Orb.) only the outer row of suckers becomes modified 
into papillae after about the 20th to the 22nd pair. In Sepio- 
teuthis sepioides the modification is the same as in the Loligo 
last mentioned, but the corresponding arm on the right side is so 
covered with acetabula towards its extreme end, that it is thought 
that it in some way co-operates with the hectocotylised left arm. 

In OctopuSy the third arm on the right side is subject to 
modification. This arm is always shorter than the corresponding 
arm on the other side, and carries fewer suckers, but is furnished 
at the extreme tip with a peculiar kind of plate, which connects 
with the membrane at the base of the arm by a channel of skin, 
which probably conveys the spermatophores up to the tip. 

^ Anim. v. 6 and 12, iv. 1, ed. Bekker, 1837. 

^ * On ponrra couBtater si ce ne seraieiit pas des parties detath^es de quelque c4pha- 
lopode dans lo but de servir k le fSoondation,' Hid. Kai. jETa/rntnikes, 1845, p. 482. 
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In Octopus vulgaris, the species referred to by Aristotle, the 
hectocotylised arm is short, thin in its outer half and pointed at 
the extremity, while the fold of skin is very white, and gives 
the arm an appearance of being divided by a cleft at the side. 
At the same time, an unusual development of one or two suckers 
on the arm is not uncommon.^ 



Fio. 52 . — OctopvA lerUtLS Baird, N. Atlantic, showing the peculiar formation of the 
hectocotylus arm, h.a. (After Verrill, x J.) 

It is believed that in the Tetrabranchiate Cephalopoda 
{Nautilus) a union of the four inner ventral arms may correspond 
functionally to the hectocotylising of the arm in the Dibranchiates. 

Hermaphrodite Mollosca. — {a) Monogonopora , — The repro- 
ductive system in the hermaphrodite Mollusca is far more compli- 
cated than in the dioecious, from the union of the male and female 
organs in the same individual. As a type of the Monogonopora, 
in which a single orifice serves for both male and female organs, 
may be taken the common garden snail {Helix aspersa), the 
accompanying figure of which is drawn from two specimens 
found in the act of union (Fig. 53). 

Beginning from tlie inside and proceeding outwards we have 
firstly the hermaphrodite gland or ovo-testis (H.G.), a yellowish 
white muss of irregular shape, embedded in the liver (l.) and 
forming part of its spiral but not reaching quite to the apex. 
Within this gland are developed the ova and spermatozoa. The 
former are rather large round cells, produced within the outer 
wall of the gland, while the spermatozoa, which are produced in 
the more central part, are threadlike bodies, generally aggre- 
gated in fiiiuill bundles. From the hermaphrodite gland the ova 
^ Steeiistriip, Amu Mag, Nat, Jfvtt, (2), xx. p. 81 f. 
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and spermatozoa pass through the upper part of the liermapkrodite 
dxtct (H.D.), which is always more or less convoluted. Below 
the convoluted portion, the duct opens into the albumen glernd 
(A.G.), a large linguiform mass of tissue which becomes dilated 
at the time of pairing, and secretes a thick viscid fluid which 
probably serves to envelop the ova. Up to this point both 
the male and female elements follow the same course, but 


Fio, 53. — Genitalia of Helix asperaa 
Muller, drawn from two indivi- 
duals in the act of union, from a 
dissection by F. B. Stead. 

A.O, albumen gland. 

C, coecuiii. 

Cr, crop. 

D. S, dart sac. 

£, eye (retracted) 

FI, dfigellum. 

H.D, hermaphrodite duct. 

H.DF, ditto, female portion. 

H.DM, ditto, male iiortion. 

H.G, hermaphrodite gland. 

L, liver. 

mo, M.G. mucous glands. 

Ov, oviduct. 

P.S, |)eui8 sac. 

R.1I, retractor muscle of j^enis. 

Sp, spermatheca. 

V, vagina. 

V.D, vas deferens. 



on their exit from the albumen gland they diverge. The herma- 
phrodite duct becomes greatly enlarged, and is jiartially divided 
J^y a kind of septum into a male and female portion. These run 
parallel to one another, the larger or female portion (h.df.), 
through which the ova pass (and which is sometimes termed the 
uterus) being dilated into a number of puckered folds, while the 
smaller or male portion (h.dm.) is comparatively narrow, and 
not dilated. At their anterior end, the two ixirtions of the duct 
separate completely from one another, the female portion being 
then termed the oviduct (ov.)- and the male portion the vas 
deferens (v.n,). 
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Following first the oviduct, we find that it soon widens into 
the vagina (v.), which is furnished with a pair of mneous glands 
fM.a), one on each side. These are much branched, and re- 
semble little bunches of whitish sea-weed. A little above the 
mucous glands a long tube diverges from the vagina, which is 
furnished with a produced coecum (c.) and a pouch, the spermatheca 
(SP.) at the extreme end. In this pouch, and in the duct leading 
to it, i6 stored the spermatophore received in union with another 
snail J ust below the mucous glands the vagina is joined by the 
dart sac (d.s.), which is more fully described below. Finally, at 
its lower end the vagina unites with the penis sac at a point just 
posterior to the common orifice. 

Returning now to the male organs, we find that the vas 
deferens is the continuation of the male portion of the herma- 
phrodite duct, after its final separation from the female portion. 
It passes under the retractor muscle of the upper right tentacle, 
which has been cut away in the specimen figured, to dissect 
it out. Just before the vas deferens widens into the penis sac, 
it branches oflF into a long and tapering tube, the flagellum, in 
which the spermatozoa are stored and become massed together 
in the long packet known as the spermatophore. The penis sac 
(p.s.) is the continuation of the vas deferens beyond the point at 
which the flagellum diverges. It joins the vagina at its extreme 
anterior end, uniting with it to form the common genital aperture, 
which cannot be exactly represented in the figure. The penis 
itself lies in the interior of the penis sac, and is a rather long 
muscular tube which is protruded during union, but at other 
times remains retracted within the sac. 

In the Helicidae generally, the form of the generative organs 
varies with each separate species, sometimes merely as regards 
the size of the different parts, at others in the direction of greater 
simplicity or complication. The mucous glands may be absent, 
and the flagellum greatly reduced in size, or absent altogether. 

The Dart Sac. — A remarkable part of the reproductive 
system in many of the true Helicidae is the so-called dart, Liebes- 
pfeil, or telum veneris. It consists of ‘ a straight, or curved, some- 
times slightly twisted tubular shaft of carbonate of lime, tapering 
to a fine point above, and enlarging gradually, more often some- 
what abruptly, to the base.’ The sides of the shaft are sometimes 
furnished with two or more blades ; these are apparently not for 
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cutting purposes, but simplj to brace the stem. The dart is 
contained in a dart sac, which is attached as a sort of pocket 
to the vagina, at no great dis- 
tance from its orifice. There are y jf i 
four different forms of sac. W, jf U 
may be single or double, and each ^11 j M tM 

of these divisions may be bilobed, I J m jm ^ 

each lobe containing vme dart at ^ ^ Ir- •© 

a time. In Helix aspersa the ^ W ^ /L-— O 

dart is about in. in length, a 8 c 

and i in. in breadth at its base land snaib: 

(see Fig. 54). A^JIyaliniaexcavata'BeBii'f B, Hdix 

It appears most probable that 
the dart is employed as an ad- 
junct to the sexual act. Besides the fact of the position of 
the dart sac anatomically, we find that the darts are extruded 
and become embedded in the flesh just before or during the act 
of copulation. It may be regarded, then, as an organ whose 
punctures induce excitement preparatory to sexual union. It 
only occurs in well-grown specimens. When once it begins to 
form, it grows very rapidly, perhaps not more than a week being 
required for its entire formation. 

The dart is almost confined to Helicidae, a certain number 
of exceptions being known which border on Helix, Hycdinia 
nitida and excavata are the only British species, not Helices, 
which are known to possess it. It has not been noticed to 
occur in the slugs, except in the N. American genus Tebenno- 
phorus. Al)out one-third of the British HeUces are destitute of 
the dart.^ H rufescem possesses a double bilobed sac, but only 
two darts, which lie in the lower lobes. It does not use the 
darts, and could not do so, from the relative sizes of dart and 
sac ; it has often been watched when uniting, but the use of the 
darts has never l)een observed. From this it has been inferred 
that the dai'ts are degenerate weapons of defence, and that they 
were in fact at one time much stronger organs and more often 
used.* This theory, however, does not seem consistent with the 
whole circumstances of the occurrence, position, and present use 
of the darta 


* CL Ashford, Jmm. of Conch, iii, p. 239, iv. pp. 69, 103. 
^ \V. K CoUiage, Zoologist, 1890, p. 276. 
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Hermaphrcxfite Mollusca. — (b) JDigonopora . — As m example 
of the Digonopora or hermaphrodite Mollusca with separate 
generative apertures for the male and female organs, we may 
take the common Limnaea stagnalis (Fig. 55). It will be seen 
firom the figure that the relative positions of the hermaphrodite 
gland and duct, anti of the albumen gland, are the same as in 
Helix. When the oviduct parts company from the vas deferens, 
it becomes furnished with several accessory glands, one of which 
(G1.E.) probably serves as a reservoir for the ova, and answers 
more or less to a uterus. The tube leading to the spermatheca 



Eiu. 55. — Genitalia of Limnaea atagnalis 

L. (from a diasectiou by F. B. Stead), 
x2. 

A. O, albumen gland. 

Ac.G, accessory gland. 

F.O, female orifice. 

Gl.E, glandular enlargement. 

H.D, hermaphrodite duct. 

H.G, hermaphrodite gland. 

Li, liver. 

M. O, male orifice. 

P, penis sac. 

Pr, prostate. 

B. M, retractor muscle of }>enis. 

Sp, s^ierinatheca. 

V.D, vas deferens. 


is short, and there is no divergent coecum. The female orifice 
lies near to the external opening of the branchial cavity. The 
vas deferens, which is very long, is funiished with a large prostate 
glaniL The iieiiis sac is greatly dilated, and there is no flagellum. 
The male orifice is Ijehind the right tentacle, slightly in advance 
of the female orifice (compare Fig. 102). 

Most of the Opi$thohmruihiata,h\ii not all, have separate sexmil 
orificea Numerous variations from the type just descrilied will 
be found to occur, particularly in the direction of the develop- 
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ment of aocessorj glands^ which are sometimes very large, and 
whose precise purpose has in many cases not been satisfactorily 
determined. 

Pdecyjpodd, — In the dioecious Felecypoda, which form the 
great majority, the reproductive qrstem is simple, and closely 
parallel in both sexea It consists of a pair of gonads, which 
are either ovaries or testes, and a pair of oviducts or sperm- 
ducts which lead to a genital aperture. The gonads are usually 
placed symmetrically at the sides or base of the visceral masa 
The oviduct is short, and the genital aperture is usually within 
the branchial chamber, thus securing the fertilisation of the ova 
by the spermatozoa, which are carried into the branchial chamber 
with the water which passes through the afferent siphon. 

Hermaphrodite Pelecypoda are rare, the sexes being usually 
separate. The following are assured instances: Pecten glaher, 
P. jacobaeus, P. maximus, Osirea edulis, Cardium narvegicum^ 
Pisidium pusillum, Cyclas cornea. Pandora roetrata, Aspergillum 
dichotomum, and perhaps Clarojgdla. The greater number of 
these have only a single genital gland (gonad) on each side, 
with a single efferent duct from each, but part of the gland is 
male and part female, e,g, in the Pectens above mentioned. 
Pandora and Aspergillum have two distinct glands, respectively 
male and female, on each side, each of the two glands possessing 
its separate duct, and the two ducts from each side eventually 
opening near one another. It appears probable that the Septi- 
hranchiata {Cuspidaria, Poromya, Lyonsidla, etc.) must also be 
added to the number of hermaphrodite Pelecypoda which have 
separate male and female glanda 

It is worthy of remark that all the hermaphrodite Pelecypoda 
belong to forms decidedly specialised, while forms distinctly 
primitive, such as Nucvla, Solenomya, Area, and Trigonia are all 
dioecious. In Gasteropoda similarly, the least specialised forms 
(the Amphineura, with the exception of the Neomeniidae, and 
the jRhipidoglossa) are dioecioua It is possible therefore that 
in the ancestors of the Mollusca the separation of the sexes had 
already become the normal type of things, and that hermaphro- 
ditism in the group is, to a certain extent, a sign or accompani- 
ment of specialisation.^ 

Deyelopment of Fresh-water Biyalyes. — The vast majority 

^ Pelsaneer, CmspUs Bendm, oz. 1081 . 
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of fresh -water bivalves either pass the larval stage entirely 
within the mother, and do not quit her except in a perfectly 
developed form (Cyclas, Pisidium\ or assume a mode of develop- 
ment in which free larvae indeed occur, but are specially modified 
for adaptation to special circumstances (JJnio). Cyclas and 
Pisidium, and no doubt all the kindred genera, preserve their ova 
in a sort of brood-pouch within the gills, in which the ova pass 
the earlier stages of their development But, even so, the larva 
of these genera retains some traces of its original free-swimming 
habits, for a rudimentary velum, which is quite useless for its 
pre^nt form of development, has been detected in Cyclas. 

The larva of Preissensia (see Fig. 47, A), so far as is at present 
known, stands alone among fresh-water bivalves in being free- 
sWimming, and to this property has been attributed, no doubt 
with perfect justice, the fact of the extraordinarily rapid spread 
of Preissensia over the continent of Europe (chap. xvi.). In 
expelling the ova, the parent slightly opens the shells and then 
quickly closes them, shooting out a small point of white slime, 
which is in fact a little ball of eggs. The general course of 
development is precisely parallel to that of marine Pdecypoda, 
greatly resembling, so far as form is concerned, certain stages in 
the growth of the larvae of Modiolaria and Cardium, as figured 
by Lov4n.^ 

In June and July the larvae appear in large numbers on the 
surface of the water, when in spite of their exceedingly small 
size, they can be captured with a fine hand-net They pass 
about eight days on the surface, feeding apparently on minute 
floating algae. During this time, the principal change they 
undergo is in the formation of the foot, which first appears as 
a small prominence midway between the mouth and anus, and 
gradually increases in length and flexibility. When the larva 
sinks to the bottom, the velum soon disappears entirely, the foot 
becomes exceedingly long and narrow, while the shell is circular, 
strongly resembling a very young Cyclas. 

Lairae of Unionidae. — The early stages of the development 
of Unio and Anodonta (so far as the species of North America, 
Europe, and Asia are concerned) is of extreme interest, from 
the remarkable fact that the young live for some time para< 
sitically attached to certain species of fresh-water fishes. In 
^ Km. VeL AJead. Hcaidl. 1S48, pp. 829>4:H>. 
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order to secure this attachment, the larva, which is generally 
known as Glochidium, develops a long filament which perhaps 
renders it aware of the neighbourhood of a fish, and also a 
larval shell furnished with strong hooks by which it fastens 
itself to the body of its unconscious host (Fig. 56). According 
to some interesting observations made by Mr. 0. H. Latter,^ 
the ova pass into the external gill of the mother, in which is 
secreted a nutritive mucus on which they are sustained until they 
arrive at maturity and a suitable opportunity occurs for their 
‘ being bom.* If this opportunity is deferred, and the Gloehidia 
mature, their so-called ‘ byssus * becomes developed, and by being 



A B 

Fiq. 56. — Olodiidtum immediately after it is hatched : ad, adductor muscle ; dy, 

* byssus ' cord ; s, sense organs ; sh, shell. B. Olochidium after it has been on the 
fish for some weeks ; a.ad^ p.adf anterior and posterior adductors ; al, alimentary 
canal ; au^v, auditory vesicle ; hr, branchiae ; /, foot ; mf, niantle. (Balfonr.) 

entangled in the gill filaments of the parent, prevents their 
escaping. It is interesting to notice that, when the nutritive 
mucus of the parent is used up, it becomes, as it were, the 
turn of the children to provide for themselves a secondary mode 
of attachment. 

The mother Anodonta does not always retain the Glochidium 
until fish are in her neighbourhood. Gentle stirring of the 
water caused them to emit Glochidium in large masses, if the 
movement was not so violent as to cause alarm. The long slimy 
masses of Glochidium were observed to be drawn back again within 
the shell of the mother, even after they had been ejected to a 
distance of 2 or 3 inchea 

It is a mistake to assert that the young Glochidium can swim. 
When they finally quit the mother, they sink to the bottom, 

J /' J?. *V. 1891, p, 52 f. 
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and there remain reating on their dorsal side, with the valves 
gaping upwards and the so-called byssus streaming up into 
the water above them. There they remain, until a convenient 
*host’ comes within reach, and if no 'host* comes within a 
certain time, they perish. They are evidently peculiarly sensitive 
to the presence of fish, but whether they perceive them by smell 
or some other sense is unknown. " The tail of a recently killed 
stickleback thrust into a watch-glass containing Qloehidivm throws 
them all into the wildest agitation for a few seconds ; the valves 
are violently closed and again opened with astonishing rapidity 
for 15-25 seconds, and then the animals appear exhausted and 
lie placid with widely gaping shells — ^unless they chance to have 
closed upon any object in the water (e.y. another Olochidium), in 
which case the valves remain firmly closed.” 

In about four weeks after the Glochidium has quitted its 
host, and the permanent shell has made its appearance within 
the two valves of the Olochidium, the projecting teeth of the 
latter press upon the ventral edge of the permanent shell, at a 
point about half way in its lengthward measurement, retarding 
the growth of the shell at that particular point, and indenting 
its otherwise uninterrupted curve with an irregular notch or dent. 
As growth proceeds, this dent becomes less and less perceptible 
on the ventral margin of the shell itself, but its effects may 
be detected, in well-preserved specimens, by the wavy turn in the 
lines of growth, especially near the umbones of the young shell 

Mr. Latter found that all species of fish with which he 
experimented had a strong dislike to Glochidium as an article 
of food. Sometimes a fish would taste it "just to try,” but 
invariably spit it out again in a very decided manner. The cause 
of unpleasantness seemed not to be the irritation produced in 
the mouth of the fish by the attempt of the Glochidium to attach 
itself, but was more probably due to what the fish considered a 
nasty taste or odour in the object of his attentiona 


The following works will be found useful for further study of 
this portion of the subject : — 

P, M. Balfour, Comparative Embryology, vol. i. pp. I8G-241. 
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wiss. Zool. XXX vi. (1881), pp. 126-174. 
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CHAPTER VI 

KBSPIRATION AND CIRCULATION THE MANTLE 

The principle of respiration is the same in the Mollusca as in 
all other animals. The blood is purified by being brought, in 
successive instalments, into contact with pure air or pure water, 
the effect of which is to expel the carbonic acid produced by 
animal combustion, and to take up fresh supplies of oxygen. 
Whether the medium in which a mollusc lives be water or 
air, the effect of the respiratory action is practically the 
same. 

Broadly speaking, Mollusca whose usual habitat is the water 
'breathe' water, while those whose usual habitat is the land 
^ breathe ' air. But this rule has its exceptions on both sidea 
The great majority of the fresh-water Mollusca which are not 
provided with an operculum (e.g. Limnaea, Physa, Plariorhis), 
breathe air, in spite of living in the water. They make periodic 
visits to the surface, and take down a bubble of air, returning 
again for another when it is exhausted. On the other hand 
many marine Mollusca which live between tide-marks (e.g. Patella, 
Littorina, Purpura, many species of Cerithium, PlanaasiB, and 
Nerita) are left out of the water, through the bi-diurnal recess 
of the tide, for many hours together. Such species invariably 
I'etain several drops of water in their branchiae, and, aided by 
the moisture of the air, contrive to support life until the water 
returns to them. Some species of Littorina (e.g. our own Z. rudis 
and many tropical species) live so near high-water mark that at 
weak spring-tides it must frequently happen that they are untouched 
by the sea for several weeks together, while they are frequently 
exposed to a burning sun, which beats upon the rocks to which 
they cling. In this case it appears that the respiratory organs 
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will perform their fimctioDS if they can manage to retain an 
extremely small amount of moisture.^ 

The important part which the respiratory organs play in the 
economy of the MoUusca may be judged from the fact that the 
primary subdivision of the Cephdopoda into Dibranchiata and 
Tetrabranchiata is based upon the number of branchiae they 
possess. Further, the three great divisions of the Gasteropoda 
have been named from the position or character of the breathing 
apparatus, viz. Prosobranchiata, Opisthobranchiata and Pulmonata, 
while the name Pelecypoda has hardly yet dispossessed Lamelli- 
branchiata, the more familiar name of the bivalves. 

Respiration may be conducted by means of — (a) Branchiae or 
Gills, (b) a Lung or Lung cavity, (e) the outer skin. 

In the Pelecypoda, Cephalopoda, Scaphopoda, and the great 
majority of the Gasteropoda, respiration is by means of branchiae, 
also known as ctenidia,^ when they represent the primitive Mol- 
luscan gill and are not 'secondary' branchiae (pp. 156, 159). 

In all non-operculate land and Iresh-water MoUusca, in the 
Auriculidae, and in one aberrant operculate (Amphibola), respira- 
tion is conducted hy means of a lung-cavity, or rarely by a true 
lung, whence the name Pulmonata, The land operculates 
(Cyclophoridae, Cyclostomatidae, Aciculidae, and HeUcinidae) also 
breathe air, but are not classified as Pulmonata, since other points 
in their organisation relate them more closely to the marine 
Prosobranchiata. Both methods of respiration are united in 
Ampullaria, which breathes indifferently air through a long 
siphon which it can elevate above the surface of the water, and 
water through a branchia (see p. 158). Siphonaria (Fig. 57) is 
also furnished with a lung-cavity as weU as a branchia. Both 
these genera may be regarded as in process of change from an 
aqueous to a terrestrial life, and in SiphoTiaria the branchia is to 
a great extent atrophied, since the animal is out of the water, on 
the average, twenty two hours out of the twenty-four. In the allied 
genus Chdinia, where there is no trace of a branchia, but only a 

^ The result of some experiments by Professor Herdman upon LiOorina rudis, 
tends to show that it can live much better in air than in water, and goes far to support 
the view that the species may be undeigoing, as we know many speoies must have under- 
gone (see p. 20), a transition from a marine to a terrestrial life. It was found that 
mark^ specimens upon the rocks did not move their position for thirty -one successive 
days {Proc, Limp Bind. Soe, iv. 1890, p. OO), 

* Diminutive of vrcir, a oomh 
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lung-cavitjr, and in Cerithidea obtiim, which has a pulmonary 




Fro. 57. — A» SiphoHarin 
Sowb., Pauama, the animal 
contracted in spirit : 
siphoual groove on right 
side. Bt Oadinia peril- 
viana^ SowK, Chili, shell 
only : ffi\ mark of siphoiud 
groove to right of head. 


organisation exactly analogous to that of Cydophorus} this 
process may be regarded as practically completed. 

Eespiration by means of the skin, without the development 

of any special organ, is the 
V simplest method of breathing 

which occurs in tlie Mollusca. 

certain cases, e.g. Elysiti, Li- 
mapontia, and Cenia among the 
Nudibranchs, and the parasitic 
m lii Enioconcha and Entocolax, none 

of which possess bi’eathing organs 
r ^ kind, the whole outer 

surface of the body appears to 
^ perform respiratory functions. In 

others, the dorsal surface is cov- 
ered with papillae of varied size 
and number, which communicate 
with the heart by an elaborate 
system of veins. This is the case 
with the greater number of the 
Atolididae 5 8, compare Fig. 
6, C), but it is curious that when 
the animal is entirely deprived of 
^ these papillae, respiration appears 

Fro. 58. — Jeofis diTAjtfec/a Johnst., Britisii , i • i j. * ^ 

coasts. (After Alder aad Hancock. ) ^ be carried on Without inter- 

ruption through the skin. 

In the development of a distinct breathing organ, it would 
seem as if progress had been made along two definite lines, each 
^ Stoliczka, quoted in Joum. de Oimch, xviit p. 452. 
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resulting in the exposure of a larger length of veins, i.e. of a 
Ifiurger amount of blood, to the simultaneous operation of fresh 
air or fresh water. Either (a) the skin itself may have developed, 
at more or less regular intervals, elevations, or folds, which gradually 
took the form of papillae, or else (6) an inward folding, or ‘ in- 
vagination,’ of the skin, or such a modification of the mantle- 
fold as is described below (p. 172) may have taken place, 
resulting in the formation of a cavity more or less surrounded 
by walls, within which the breathing organs were ultimately 
developed. Sometimes a combination of both processes seems to 
have occurred, and after a papilliform organ has been produced, 
an extension or prolongation of the skin has taken place, in 
order to afford a protection to it. Eespiration by means of a 
lung-cavity is certainly subsequent, in point of time, to respiration 
by means of branchiae. 

The branchiae seem to have been originally paired, and 
arranged symmetrically on opposite sides of the body. It is not 
easy to decide whether the multiple form of branchia which 
occurs in Chiton (Fig. 59), or the simple form as in Fusurella 



Fig. 59. — Chiton aquamosus L., Bermuda : branchiae ; Br, branchiae ; E, E, eyes ; 

A, anus ; Br, branchiae ; M, mouth. F, foot ; K, mantle ; T, T, tenindea 

(Fig. 60), is the more primitive. Some authorities hold that 
the multiple branchia has gradually coalesced into the simple, 
others that the simple form has gi'own, by serial repetition, 
into the multiple. There appears to be no trace of any inter- 
mediate fonns, and, as a mattei* of fact, the multiple branchia is 
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found only in the AmpMneura, while one or rarely two (never 
more) pairs of branchiae, occur, with various important modi- 
fications, in the vast majority of the MoUusca. 

AmphiTieurcL — In Chiton the branchiae are external, forming 
a long row of short plumes, placed symmetrically along each side 
of the foot. The number of plumes, at the base of each of which 
lies an osphradial patch, varies from about 70 to as few as 
6 or 7. When the plumes are few, they are confined to the 
posterior end, and thus approximate to the form and position of 
the branchiae in the other Amphineura. In Chaetoderma, the 
branchiae consist of two small feather - shaped bodies, placed 
symmetrically on either side of the anus, which opens into a sort 
of cloaca within which the branchiae are situated. In Neomenia 
the branchiae are still further degraded, consisting of a single 


A BCD 



Fio. 61. — Terminal }>ortioiis of the Amphineura, illustrating the gradual degradation 
of the branchiae, and their grouping round the anus in that class. A, ChUon 
{I/emiarthrum) setulosus Carp., Torres Str. ; B, Chiton [L^tochilon) benthu$ Hadd., 
Torres Str.; C, Chaetodemui; D. Neomenia! a, amis; frr, br, branchiae; k, 
kidneys ; iiericardium. (A and B after Haddou, C and D after Hubrecht.) 


bunch of filaments lying within the cloaca, while in Proneomenia 
there is no more than a few irregular folds on the cloaca-wall 
(Fig. 61). 

In the Prosohranchiata, symmetrically paired branchiae occur 
only in the Fissurellidae, Haliotidae, and rieurotomariidae, in the 
former of which two perfectly equal branchiae are situated on 
either side of the hack of the neck. These three families taken 
together form the group known as Zygohraiichiata} In all other 
families the asymmetry of the body has probably caused one of 
the branchiae, the right (originally left), to become aborted, and 
consequently there is only one branchia, tlie left, in the vast 
majority of marine Prosobranchiata, wliich have \reeii accordingly 

' a yoke, from the aymmetrical position of the branchiae. 
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glt>uperl as J^pobranohia^ Even in H<dioti$ the right branchia 
is rather smaUer than the left, while the great size of the attach- 
ment muscle causes the whole branchial cavity to become pushed 
over towards the left side. In thoge forms which in other respects 
most nearly approach the Zygobranchiata, namely, the Trochidae, 
Neritidae, and Turbinidae, the branchia has two rows of filaments, 
one on each side of the long axis, while in all other Proso- 
branchiata there is but one row (see Fig. 79, p. 169). 

In the great majority of marine Prosobranchiata the branchia 
is securely concealed within a chamber or pouch (the respiratory 
cavity), which is placed on the left dorsal side of the animal, 
generally near the back of the neck. For breathing purposes, 
water has to be conveyed into this chamber, and again expelled 
after it has passed over the branchia. In the majority of the 
vegetable-feeding molluscs (e.g. Lit- 

torina, Cerithium, Trochus) water F Pr ^ 

is carried into the chamber by a 
simple prolongation of one of the 

lobes or lappets of the mantle, and / i 

makes its exit by the same way, I ji 2 P / 

the incoming and outgoing ciurents j j 

being separated by a valve -like [ \ 

fringe depending from the lol)e. \ j 

In the carnivorous molluscs, on the \ / 

other hand, a regular tube, the \ ^ 

hranchial siphon, which is more \ J 

or less closed, has been developed F-V' ^ ^ ^ / 

from a fold of the mantle surface, 
for the special purpose of con- V V 

ducting water to the branchia. Uu^ima Gmel., 

After performing its purpose there, showing brauchiai8iphouS;r,r, F, 
the spent water does not return 

through the siphon, but is con- (Afttur Quoy and Guimard.) 
ducted towards the anus by vibra- 

tile cilia situated on the branchiae themselves. In a large 
number of cases, this siphon is protected throughout its entire 
length by a special prolongation of the shell called the canal. 
Sometimes, as in Buccinum and Purpura, this canal is little more 
than a mere notch in the * mouth ' of the shell, but in many of 
the Muricidae (e.g. M, haustellum, temdspina, trihilns) the canal 
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becomes seveml inches long, and is set with fm^mdable spmes 
(see Fig. 164, p. 256). In Dolium and Cams the canal is veory 
short, but the siphon is very long, and is reflected back over the 
shell 

The presence or absence of this siphonal notch or canal fcnrms 
a fairly accurate indication of the carnivorous or vegetarian 
tendencies of most marine Prosobranchiata, which have been, on 
this basis, subdivided into SiphoTyostomata and Holo^tomaia. But 
this classification is of no particular value, and is seriously 
weakened by the fact that Natica, which is markedly *holo- 
stomatous,' is very carnivorous, while Cerithium, which has a 
distinct siphonal notch, is of vegetarian tendencies. 

In the Zygobranchiata the water, after having aerated the 
blood in the branchiae, usually escapes by a special hole or holes 
in the shell, situated either at the apex (Fissurella) or along the 
side of the last whorl {Haliotisy In Plev/rotomaria the slit 
answers a similar purpose, serving as a sluice for the ejection of 
the spent water, and thus preventing the inward current from 
becoming polluted before it reaches the branchiae (see Fig. 
179, p. 266). 

In Patella the breathing arrangements are very remarkable. 
In spite of their apparent external similarity, this genus possesses 
no such symmetrically paired plume-shaped branchiae as Me- 
surella, but we notice a circlet of giU-lamellae, which extends 
completely round the edge of the mantle. It has been shown by 
various authorities that these lamellae are in no sense morpho- 
logically related to the paired branchiae in other Mollusca, but 
only correspond to them functionally. The typical paired 
branchiae, as has been shown by Spengel, exist in Patella in a 
most rudimentary form, being reduced to a pair of minute yellow 
bodies on the right and left sides of the back of the ' neck.' A 
precisely similar abortion of the true branchiae, and special 
development of a new organ to perform their work, is shown 
in Phyllidia and Pleurophyllidia (see below under Opistho- 
branchiata). This circlet of functional gills in Patella has there- 
fore little systematic value, being only developed in an unusual 
position, like the eyes on the mantle in certain Pelecypoda, to supply 
the place of the true organs which have fallen into disuse. Accord- 
ingly Cuvier’s class of CyclolraTwhiata, which included PaMla 
and Chiton, has no value, and has indeed long been discarded. 
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In Chiton the gills never extend oconpletely round the animal, 
but are always more or less interrupted at the head and anus. 
They are the true gills, the plumes being serudly treated in the 
same way as the shell j^tes. 



Fio, 68. — PaUUa mdgtUa L.| seen from the 
ventral side : /, loot ; gX circlet of gill 
lamellae ; edge of the mantle ; mu, 
attachment muscle ; d, slits in the same ; 
ah, shell ; % vessel carrying aerated blood 
to the heart ; vessel carrying blood from 
the heart ; ve, small accessory vessels. 



Fio. 64. — PaieUa rndgaia. li. , seen from 
the dorsal side after the removal of the 
shell and the black pigment covering 
the integument ; the anterior portion of 
the mantle is cut away or turned back ; 
a, anus ; br, hr, remains of the true 
branchiae (ctenidla) ; i, intestine ; k, 
kidneys ; Lap, their apertures on each 
side of the anus ; I, liver ; m, m, mantle ; 
mu, attachment muscles, severed in re- 
moval of shell ; t, t, tentacles. 


In the land Prosobranchiata (Cyclostomatidae, Cyclophoridae, 
Aciculidae, Helicinidae) which, having exchanged a marine for 
an aerial life, breathe air instead of water, the branchia has 
completely disappeared, and breathing is conducted, as in the 
Pulmonata, by a lung-cavity. In certain genera of land oper- 
culates, e.g. Pupina, CataiUus, Pterocyclus, a slight fissure or tube 
in the last whorl (see Fig. 180, p. 266) serves to introduce air 
into the shell, w'hich is perhaps otherwise closed to air by the oper- 
culum. In AtUopoma, which has no tube, the operculum admits 
free circulation of air. In certain other Cyclostomatidae the apex 
is truncated, and air can enter there. De Folin closed with wax 
the aperture of Cycl, elegams, and found that on placing it in a 
pneumatic machine, the shell gave off air through its whole sur- 
fitce. On the other hand, Cylimlrella and Stemgyni decollata, 
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on being submitted to the same test, showed that Uie truncated 
part alone was permeable by air. 

Fischer and Bouvier have made some interesting observations 
on the breathing of a species of AmpMaria {instdarum Orb.). 
The species has, in common with all AmpuUaria, two siphons, 
but while the right siphon is but slightly developed, the left is 

very long, almost twice as long as the 
shell (see Fig. 65). The animal, when 
under the water, lengthens its siphon, 
brings the orifice to the surface, and by 
alternately raising and depressing its head 
produces in the pulmonary sac movements 
of ex- and inspii*ation; these are repeated 
about ten or fifteen times at regulai* 
intervals of from six to eight seconds, 
a method of respiration strongly resem- 
bling that of the Cetacea. At the same 
time, branchial respiration takes place. 
If powdered carmine is added to water, 
the particles are seen to enter the bran- 

pass out 

water; B, breathing air ; St by the sliort right siphon. Sometimes 

unties T‘ the remains under water for 

pansion, performing the part hours without rising to the surface to 
of excurreut siphon. (After . . . t rr i a nr»\ a.i 

Fischer and Bouvier, x i) mspire air In Volvata (Iig. 66) the 

branchia is very large, and projects like 
a leaf or fan above the shell on the left side ; on the correspond- 
ing position on the right side is a long filiform appendage, which 
some have regarded as representing the other branchia. 

Opisthobranchiata, — true branchia occurs only in the Tecti- 
branchiata and the Ascoglossa, It lies on the right side, and is 
usually more or less external, l)eing partly covered sometimes by 
the shell (as in Umbrella, Fig. 5), sometimes by a fold of the 
mantle. In the Pteropoda (which are probably derived from the 
Tectibranchiata), all the Thecosomata, with the exception of 
Cavolinia, have no specialised branchia, but probably respire 
through portions or the whole of the integument In the 
Gymnosomata an accessory branchia has in many cases been de- 
veloped at the posterior end of the IxKly. Pneumodermon alone 
has both latenil and jMJHterior branchiae well developed, Clione 
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and ffalopsyche are destitute of either, wliile the four remaining 
families have one branchia, sometimes lateral, sometimes posterior.^ 
Certain of the Nudibranchiata possess 
no special breathing organs, and pro- 
bably respire tlirough the skin (Mysia, 

Limapontia, Cenia, Phyllirrhot). The 
majority, however, have developed sec- 
ondary branchiae, in the form of promi- 
nent lobes or leaf-like processes (the 
cerata), which are canned upon the back, 
without any means of protection. These 
cerata are, as a rule, of extreme beauty ^ rr , ^ 

and variety of form, consisting sometimes muU. : br, branchia ; ji, fiia- 

of long whip -like teiitaculae, in other SouLu ^^^ ***^*' 

cases of arborescent plumes of fern-like 

leafage, in others of curious bead-like appendages of every imagin- 
able shape and colour. In Doris they lie at the posterior end of the 




aiiU8 ; branchiae, Rur- Fio. 68. — PleurophyUidia Iincata 

roninUng the anus ; w, male Otto, Mediterranean : a, anus ; ftr, 

organ ; r/i, rh, rhiuopliorea. secondary Itrnnchiae ; »«, nioutii ; 

X 3. s.Of sexual orifice 

body, in a sort of rosette, which is generally capable of retraction 
into a charnlier. In Phyllidia ami r/evrttphyflidia these secondary 
hratii'huic lie, us in PutcUn, on the latt‘ml juutions of the niuntle. 

’ relmsuw, ' Chalfriijfrr’ Jlfpvrtu, vol. xxiii. |»irt. IXvi. 
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The Scaphopoda in all probability possess neither true nor 
secondary branchiae. 

JhdmonatoH — ^When we use the term ‘lung/ it must be 
remembered that this organ in the MoUusca does not correspond, 
morphologically, with the spongy, cellular lung of vertebrates; 
it simply performs the same functiona The 'lung/ in the 
MoUusca, is a pouch or cavity, lined with blood-vessels which 
are disposed over its vaulted surface in various patterns of 
network. The pulmonary sac or cavity is therefore a better 
name by which to denote this organ. 

It seems probable, as has been already shown (pp. 18-22), 
that aU Pulmonata are ultimately derived from marine forms 
which breathed water by means of branchiae. Thus we find inter- 
mediate forms, such as Siphonaria, possessed of both a branchia 
and a pulmonary sac, the former being evanescent, while in 
Gadinia and Amphibola it has quite disappeared. In the vast 



Fiq. 69. — Oeomalacu3 maculoaua AUm., S. Ireland : P.0, pnlmonary orifice. 


majority of Pulmonata no trace of a branchia remains ; its function 
is performed by a chamber, always situated at the right side of 
the animal, and generally more or less anterior, admitting air by 
a narrow aperture which is rhythmically opened and closed. In 
Arion and Gtomalojcus (Fig. 69) this aperture is in the front of the 
right side of the ‘shield/ in Limax (Fig. 71) in the hinder part, 
in Testacella (Fig. 20) it is near the extremity of the tail, under 
the spire of the shell ; in Janella it is on the middle of the right 
edge of the shield (Fig. 70). If a specimen of Helix uspet'sa, 
or better, of H pomatia, is held up to the light, the beautiful 
arborescent vessels, with which the upper part of the pulmonary 
chamber is furnished, can be clearly seen by looking through the 
apertiu'e as it dilates. It is only in the Auriculidae that an 
actual spongy mass of lung material appears to exist. When in 
motion, a Helix inspires air much more frequently than when 
at rest. Temperature, too, seems to affect the number of inspira- 
tions ; it appears doubtful whether, during hibernation, a snail 
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breathes at all In any case, the ampunt of air required to 
sustain life must be small. 

With regard to the respiration of fresh-water Fulmonata there 
appears to be some difference of opinion. It is held, on the one 
hand, that the Limnaeidae only respire air, making periodic visits 
to the surface to procure it, and that they perish, if prevented 
from doing so, by asphyxiation. If, we are told,^ as a Limruiea 
is floating on the surface of the water in a glass jar, a morsel of 
common salt be dropped upon its outstretched foot, it will sinlr 



Fia. 70. — JaneUa hirudo Fia. 71.— Zitwio® waarmiM L. ; PO, piilmaimry 
Fiich., N. Caledonia: ori&ce. x§. 

G, geneiative orifice ; P, 
pulmonary orifice ; T, T, 
tentacles. (After Fis- 
cber.) 

heavily to the bottom, emitting a stream of air from its pulmon- 
ary orifioa On recovering from the shock, it will anxiously 
endeavour to regain the surface, but will have some difficulty 
in doing so, owing to its now much greater specific gravity. 
When it succeeds, it creeps almost out of the water, and exposes 
its respiratory orifice freely to the air. If the experiment is 
repeat^ several times on the saitie individual, it becomes so much 
weakened tliat it has to be taken out of the water to save its 
* Zaoloffidf ziL p 424S., 


you m 


u 
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life, Moquin-^Rndon, on the other hand> ia stronglj of opinion ^ 
that there ia no abaolute necessitj for lAmnata to obtain air by 
riaing to the aorface, and that, if prevented from emerging, it can 
obtain air from the water. When covered in by a roof of ice, 
LimTMUia haa not been observed to suffer any inconvenienca 
Moquin-Tandon kept L, glabra and Planarbis rotundatvs in good 
health under 20 mm. of water for eighteen and nineteen days, 
and relates a case in which Physa was kept alive under water 
for four days, and Planorhis for twelva Toung specimens, both 
of Limnaea and Planorhis, do not rise to the surface for a supply 
of air ; they are hatched with the pulmonary cavity full of water. 

It is probable, therefore, that limnaeidae are capable, on 
occasion, of respiration through the skin. Some authorities are 
of opinion that certain long and narrow lamellae, situated within 
the pulmonary sac, are employed for the purpose of aqueous 
respiration. Ancylus, which never makes periodic excursions to 
the surface, perhaps respires by receiving into its pulmonary 
chamber the minute quantities of oxygen given off by the 
vegetation on which it feeds. 

limn.ieidae taken from a great depth of water, €.g, from 130 
fathoms m the lake of Geneva, have been examined by ForeL* 
The pulmonary sac is full of water, but there is no transformation 
of organs, no appearance of a branchia, to meet the changed cir- 
cumstances of their environment. Doubtless a good deal of 
respiration is done by the skin; being soft and vascular, 
it respires the air dissolved in the water. Forel cites cases 
of Limnaea living at much shallower depths, which come to 
the surface once, and then remain below for montha The 
oxygen of this supply must soon have become exhausted, and the 
animals, discontinuing for a time the use of the pulmonary 
chamber, must have respired through the skin. Shallow-water 
Limnaea, according to the same authority, remain beneath the sur- 
face during cold weather ; when warm weather returns they rise 
to the surface to take in a supply of air. Since the water at great 
depths is always very cold, there is no need for the LimMea living 
there to rise to the surface at alL 

It is a curious fact that Limnasa, which have been respiring 
by the skin for the whole winter, should suddenly, on the first 
warm days of summer, take to rising to the surface and fareiAhing 
» MoUvequet de Pramee, I p. 81. » JV. Denk. Sehv), Qes. rxix. (2) p. 196 f. 
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air. But exactly the same phenomenon is shown in the case of 
Limnaea from great depths. Placed in an aquarium, they 
immediaUly begin rising to the surface and inspiring air; in 
other words, they experience instantaneously a complete trans- 
formation of their respiratory system. 

In Onchiditm, a land pulmonate which has retrogressed to an 
amphibious or quasi-marine mode of life, there is no organ which 
represents the pulmonary or branchial cavity, the so-called lung 
being only a cavity of the kidney. Bespiration is, however, 
conducted by the skin as well, and by the dorsal papillae.^ 

Land MoUusca can s\istain, for a considerable time, complete 
deprivation of atmospheric air. Helices placed in an exhausted 
receiver show no signs of being inconvenienced for about 20 hours, 
and are able to survive for about two or three days. If detained 
under water, they are very active for about 6 hours, then become 
motionless, the body swells, owing to the water absorbed, and 
death ensues in about 36 hours. Immersion for only 24 hours 
is generally followed by recovery. In the latter case, the cause 
of death is not so much deprivation of air as compulsory absorp- 
tion of water by the skin. The amount of water thus taken up 
is smrprising. Spallanzani found that a Relix which weighed 18 
grammes increased in weight by 13^ grammes after a prolonged 
immersion. Even slugs enclosed in moist paper gained more 
than 2 grammes in the course of half an hour. Experiment has 
shown that the amount of carbonic acid gas produced by respira- 
tion stands in direct relation to the amount of food consumed. 
Four pairs of snails were taken which had recently awakened 
from their winter sleep and had eaten heartily, and an equal 
number, under the same circumstances, which had been prevented 
from eating. It was found that the first four pairs produced, in 
consuming a given amount of oxygen, 11, 9, 10, and 13 parts 
respectively of carbonic acid, while the second set produced, in 
consuming the same amount of oxygen, only 4, 8, 7, and 9 parts 
of carbonic acid.* Hibernating Helices, if weighed in December 
and again in April, will be found to have lost weight, due to the 
expiration of carbonic acid. Owing to the diflElculty of experi- 
ment, opinions vary as to the absolute temperature of snails. It 
appears to be established that several snails, if placed together in 
a tube, raise the temperature one or two degrees C., but as a rule, 
^ Bergh, Moryh, /oArt. x. p. 172. > p. Fischer, Jaum. de (kmeh. ix. p. 101. 
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the temperature- of a solitary Hdix differs very slightly from that 
of the surrounding air. Increased activity, whether in re^iration 
or feeding, is found to raise the temperature. 

W. H. Dali, writing of the bronchia in Pdecypoda, remarks * 
that there can be no doubt that its original form was a simple 
pinched-up lamella or fold of the skin or mantle. This, elongated, 


Fio. 72. — CkLTdium 
eduU L.: A, Anal ; 
Bibrauchial siphon ; 
F, foot. (After 
Mobius.) 



becomes a filament. Filaments united by suitable tissue, trussed, 
propped, and stayed by a chitinous skeleton, result in the forms, 
wonderful in number and complexity, which puzzle the student 
to describe, much more to classify. 

In Pelecypoda the branchiae are placed on each side of the 
body, between the mantle and the visceral mass. They lie in a 



Fio. 78. — Scrcibictdarta piperata Gmel., in its natural position in the sand: A, efferent 
or anal siphon ; afferent or branchial siphon. (After Mbbius.) 

chamber known as the hranchial cavity. Leading into this 
cavity, and behind it, are, as a rule, two tubes or siphons, one of 
which conducts water to the branchiae, while the other carries it 
away after it has passed over them. The lower is known as the 
hranchial or afferent siphon, the upper as the anoA or efferent 
siphon (see Figs. 72 and 73). The action of these siphons 
can readily be observed by placing a little carmine in water, 
^ BM. Mus. C, Z, Ha/te. xnii. p. 484. 


VI 


THE SIPHONAL APEKTUEES 


l6S 


near to the siphonal apertures of an Amdowta or Unio, In 
many cases (e.g. Faammobia, Tdlina, Ilya, genera which burrow 
deeply in sand) both the siphons are exceedingly long, sometimes 
considerably longer than the whole sheU. In some eases the two 
tubes are free throughout their entire length, in others they be- 
come fused together before their entrance within the shell (Fig. 
74). In other genera, which do not burrow (e.g. Odrea^ Pecten, 
Area, Mytilus), the siphons are rudimentary or altogether absent 
(Fig. 75> 

The number and arrangement of the branchiae varies con- 



Fio, 74 . — Soleeurtus strigiUoUus L., Fio. 75 . — MyiUiu edulis L., attached by its byasas 
Naples : afferent siphon ; (By) to a piece of wood : T, foot ; S, anal siphon, 

efferent siphon, the two the branchial siphon being below it and not 

uniting in SS externally to the closed. (Alter Mdbius.) 
shell. X 

siderably. It appears probable that the different degrees of 
complication of the gill indicate degrees of specialisation in the 
different groups of Pelecypoda, in other words, assuming that a 
simpler form of gill precedes, in point of development, a more 
complicated form, the nature of the gill may be taken as indicat- 
ing different degrees of removal from the primitive form of 
bivalve. 
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1. The simpleBt form of gill (Ihwtda, Leda, Suleuovttfa, etc.) in 
that which consists (Fig. 76, A, oompire Fig. 100, p. 201) of two 
rows of very short, broad, not reflected filaments, the rows l)eing 
placed in such a way that they incline at right angles to one 
another from a common longitudinal axis. The filaments are not 
connected with one anotlier, nor are the two leaves of each gill 
united at any point. (Protohranchiata,) 

2. In the Ammiidae, Arcadae, Trigoniidae, and Mytilid(te each 
gill consists of two plates or rows of much longer filaments, which 
consequently occupy a much larger space in the mantle cavity 


A B c D 



Fig. 76. — Morphology of the branchiae of Pelecypoda, seen diagrammatically in section : 
A, Protohrandiiata ; B, Filihranchiata ; C, EiUamellibranchitUa ; D, Septi- 
branchiata ; e, e, external row of filaments ; i, internal row of filaments ; ex- 
ternal ]'OW or plate folded back ; i\ internal row folded back ; /, foot ; m, mantle ; 
septum \ V, visceral mass. (From A. Lang.) 

(Fig. 76, B). Unable to extend l>eyond the limits of the mantle, 
filaments are reflected or doubled back upon one another, those 
of the external plate l)eing reflected towards the outside, those of 

a the internal plate towards the inside. Each 

separate filament is not connected with the 
filament next adjacent, except by surface 
■ cilia situated on small projections on the 
/fl sides of the filaments, and interlocking with 
H the cilia of the adjacent filament. The two 
superposed plates or leaves of the gill may or 
may not l>e united by cords running between 
the two parts of a filament. (Filibranchiata.) 
Fro. 77. - - Four gill fila- 3. In the Pectinidae, Avictdidae, and 
highly Ostreidae a further development takes 

ciiUry janctioiifi ; /, place. The filaments of each gill are 

filament. (After Peck.) /i . j xr/* 

reflected m the same way as in the F%h- 
hranchiata, but the part thus reflected may become completely 
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uuiteil or ^concresoe’ with the mantle on the exterior and 
with the bane of the foot on the interior Bide, The leaves of 
each gill plate, which have thus become doubled (the gills being 
apparently two instead of one on each side), are folded or crum- 
pled, and the filaments are modified at the re-entrant angles of 
the fold. {Psevdolamdlihraru^hiaia.) 

4. In all the remaining Pdecypoda, except class 5, in other 
words, in the very large majority of families, the filaments are 
either reflected, as in (3), or 

simple ; but the process of con- 
crescence is so far advanced ’ 
that the adjacent filaments are 
always intimately connected 
with one another in such a 
way as to admit the passage 
of the blood ; and the leaves 

of each glU-plate (Pig. / 6, 0) of AnodotOa, highly 

are united by cross channels in magnified: U, inner lamella; it, onter 

a similar way. ^EuIclTUcII'*'' large vertical vessels. (After Peck.) 

branchicUa.) 

5. In certain of the Anatimicea alone {Cuspidaria, I/yonsidla, 
PoTomya, SUenia) the gills are transformed into a more or less 
muscular partition, extending from one adductor muscle to the 
other (rig. 76 , D),and separating off the pallial chamber into two 
distinct divisions, which communicate by means of narrow slits 
in the partition. (SepiibraTvchiaia.') 

Thus the process of gill development in the Pelecypoda 
appears to lead up from a simple to a very complex type. In 
its original form, at all events in the most primitive form known 
to us, the gill is a series of short filaments, quite independent of 
one another, strung in two rows; then the filaments become 
longer and double back, while at the same time tliey begin to 
show signs of adhesion, as yet only superficial, to one another. 
In a further stage, the reflected portions become fused to the 
adjacent surfaces of the foot and mantle, while the interlamellar 
junctions serve to lock the two gill-plates together ; finaUy, the 
mere ciliary junction of adjacent filaments is exchanged for inti- 
mate vascular connection, while the gill-plates as a whole become 
closely fused together in a similar manner. 

This theory of origin is strengthened by closer observa- 
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tion of the phenomena of a single group. Taking the Septi* 
branchiate as an instance, we find that in Lyonsiella the branchiae 
unite with the mantle in such a way as to form two large paXlial 
chambers, the structure of the branchiae being preserved, and 
their lamellae covering the partition. A further stage is 
observed in Poromycu There, a similar partition exists, but it 
has become muscular, preserving, however, on each side two 
groups of branchial lamellae, separated one from the other by a 
series of slits, which form a communication between the two 
paUial chambers. A further stage still is seen in Sileniou There 
the same muscular partition exists, but the branchial lamellae on 
either side have disappeared, the slits between the two chambers, 
which occur in Poromya, still persisting, but separated into 
three groups. Guspidaria represents the last stage in the 
development. In the ventral chamber there appears nothing at 
all corresponding to a branchia ; the surface of the partition 
appears perfectly uniform, but on careful examination three little 
separate orifices, remains of the three groups of orifices in Silenia, 
are observed.^ 

Relation between Branchiae and Heart . — The object of the 
branchiae being, as has been already stated, to aerate the blood 
on its way to the heart, we find that the heart and the branchiae 
stand in very important structural relations to one another. 
When the branchiae are in pairs, we find that the auricles of the 
heart are also paired, the auricle on the right and left sides being 
supplied by the right and left branchiae respectively. This is 
the case with the Dibranchiate Cephalopods {Argonauta, Octopus, 
Loligo, etc.), the Zygobranchiate Prosobranchs {Fissurella, Hali- 
Otis), and all Pelecypoda. In the Amphineura {Chiton, etc.) there 
are two auricles corresponding to the two sets of multiple 
branchiae. In the case of the Tetrabranchiate Cephalopods 
{Nautilus) there are four auricles corresponding to each of the 
four branchiaa Compare Fig. 79, A, B, C, D, E. 

On the other hand, when the branchia is single, or when both 
branchiae are on the same side, and one is aborted and functionless, 
the auricle is single too, and on the same side as the branchia. 
This is the case with the Tectibranchiate Opisthobranchs {Philine, 
Scaphander, etc.), all the Pectinibranchiate Prosobranchs (Rachi- 
glossa, Taenioglossa, and Ptenoglossa), and the other Azygobran- 

’ PeUienccr, Camples Eendtts, cvi. p. 1029. 
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chiate Prosobranchs (Trochidae, Neritidae, etc.). In the last case 
the right auricle exists, as well as the left, but is simply a closed 



Pig. 79. — Diagram illustrating the relations between branchiae, heart, and aorta in the 
Mollusca : A, In Chiton ; B, Pelecypoda ; C, Dibranchiate Cephalopoda ; D, Tetra- 
branchiate Cephalopoda ; E, Prosobranchiata Zygobranchiata ; F, Prosobranchlata 
Azygobranchiata ; G, Prosobranchiata Monotocardia ; H, Opisthobranchiata Tecti- 
branchiata : 1, Ventricle ; 2, Auricle ; 3, Aorta ; 3a, Cephalic aorta ; 36, Visceral 
aorta ; Sc, Posterior aorta. (From A. Lang.) 

sac, the coalescing of the two gills on the left side having thrown 
all the work upon the left auricle. Compare Fig. 79, F, G, H. 

Circulatory System. 

All Mollusca, without exception, possess a circulatory system 
of more or less complexity. The centre of the system is the heart, 
which receives the aerated blood from the breathing organs, and 
propels it to every part of the body. In the Scaphopoda alone 
there appears to be no distinct heart. 

The heart may consist simply of a single auricle and vent- 
ricle, and an aorta opening out of the ventricle. From the 
aorta the blood is conveyed to the various parts of the body by 
arteries. Veins convey the blood back to the breathing organs, 
after passing over which it returns by the branchial or pulmonary 
vein to the heart, thus completing the circuit. 
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As regards position, the heart is situated within the pericardium, 
a separate chamber which in the l^elecypoda, Cephalopoda, and 
the bilaterally symmetrical Gasteropoda lies on the median line, 
while in the asymmetrical Gasteropoda it is on one or other of the 
sides of the body, usually the right. The veins connected with 
the branchiae, and consequently the auricle into which they open, 
are situated behind the ventricle in the Opisthobranchiata (whence 
their name), while in the Prosobranchiata they are situated in 
front of the ventricle. 

The number of auricles corresponds to the number of branchiae. 
Thus there is only one auricle in the great majority of ProBO- 
branchiata (which are accordingly classified as Monotocardia), 
and also in the Opisthobranchiata, while the Pulmonata have a 
single auricle corresponding to the pulmonary chamber. There 
are two auricles in the Amphineura, in a small group of Gastero- 
poda, hence known as Diotocardia, in all Pelecypoda, and in the 
Dibranchiate Cephalopoda. In the Tetrabranchiate Cephalopoda 
alone there are four auricles corresponding to the four branchiae. 

A single aorta occurs only in the Amphineura and in the 
Tetrabranchiate Cephalopoda. In all the other groups there are 
two aortae, leading out of the anterior and posterior ends of the 
ventricle in Pelecypoda and Dibranchiate Cephalopoda, while a 
single aorta leads out of the posterior end alone, and subsequently 
bifurcates, in most of the Gasteropoda. One aorta, the cephalic, 
supplies the front part of the body, the oesophagus, stomach, 
mantle, etc. ; the other, the visceral aorta, supplies the posterior 
part, the liver and sexual organs. 

The general circulatory system in the Mollusca has not yet 
been thoroughly investigated. As a general rule, the blood driven 
from the ventricle through the aorta into the arteries, passes, on 
reaching the alimentary canal and other adjacent organs, into a 
number of irregular spaces called lacunae. These in their turn 
branch into sinuses, or narrow tubes covered with muscular tissue, 
which penetrate the body in every direction. In the Dibranchiate 
Cephalopoda true capillaries su'e said to occur, which in some cases 
form a direct communication between the arteries and veim 
According to some authorities^ capillaries and veins exist in 
certain Pelecypoda in connexion with the intestinal lacunae, but 
this again is regarded by others as not established. A aimilftr 
^ E,g. KollmaDH, 2eiL wits* Zool. zxtl p. S7. 
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difference of opinion occurs with regard to the precise function of 
the foot-pore which occurs in many Mollusca, some holding that 
it serves as a means for the introduction of water into the blood- 
vascular system, while others regard it as a form of secretion 
gland, the original purpose of which has perhaps become lost. 

Blood. — As a rule, the blood of the Mollusca — 1 .«. not the cor- 
puscles but the liquor sanguinis — ^is colourless, or slightly tinged 
with blue on exposure to the air. This is due to the presence 
of a pigment termed haemocyanin, in which are found traces of 
copper and iron, the former predominating. Haemoglobin, the 
colouring matter of the blood in Vertebrates, is, according to Lan- 
kester,^ of very restricted occurrence. It is found — (1) in special 
corpuscles in the blood of Solen legumen (and Area Noae); (2) in 
the general blood system of Planorbis ; (3) in the muscles of the 
pharynx and jaws of certain Gkwteropoda, e.g. Idmnaea, Pahtdina, 
TAttorina, Chiton, Ajglysia. This distribution of haemoglobin is 
explained by Lankester in reference to its chemical activity; 
whenever increased facilities for oxidisation are required, then it 
may be present to do the work. The Mollusca, being as a rule 
otiose, do not possess it generally diffused in the blood, as do the 
Vertebrata. The actively burrowing Solen possesses it, and 
perhaps its presence in Planorbis is to be explained from its re- 
spiring the air of stagnant marshes. Its occurrence in the 
pharyngeal muscles and jaws of other genera may be due to the 
constant state of activity in which these organs are kept.^ 

According to Tenison-Woods ^ a species of Area {trapezia Desh.) 
and two species of Solen, all Australian, have red blood. It is 
suggested that in these cases the habits of the animal (the Solen 
burrowing deeply in sand, the Area in mud) require some highly 
oxidising element, surrounded as the creature is by ooza In Area 
pexaJta (N. America) the blood is red, the animal being familiarly 
known as the ‘ bloody clam.* Burrowing species, however, are 
not all distinguished by this peculiarity. Tenison-Woods finds 
red fluids in the buccal mass of many Gasteropoda, e.g. in species 
of Patella, Armaea, Zittorina, Trochus, Turbo, giving the parts the 
appearance of raw meat. 

* Proe* Roy. Soc. 1873, p. 70, 

* Grioabach {Arch, mikr. Anal, xxxvii p. 22) finds liaemoglobiti in sev^ntl 
bivalves, e.g. P&romya gramUaia, TMna j^nala, Area Noae, and Poaluneulim 
glycinieria. 

» Trans. Roy. Soc. K S. Wales, xxiL p. lOfi. 
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The Mantle 

On the dorsal side of the tjrpical moUuscan body, between the 
visceral sac and the shell, lies a duplioature of the integument, 
generally known as the mantle. The depending sides of the 
mantle, which are usually somewhat thickened, enclose between 
themselves and the body mass a chamber of varying size and 
shape, called the mantle cavity , which communicates freely with 
the external air or water, and encloses and furnishes a protection 
for the organ or organs of respiration. On its upper or dorsal 
surface the mantle is closely applied to the shell throughout its 
whole extent, the cells with which it is furnished secreting the 
materials from which the shell is formed (see p. 256). The whole 
mantle is capable, to some degree, of secreting shelly matter, but 
the most active agent in its production is the mantle edge or 
margin. 

In the Prosobranchiata the mantle cavity, for reasons which 
have already been explained, is found on the left side of the 
animal, its front portion being in many cases produced into a 
tubular siphon. Within the mantle cavity are fbimd, besides the 
branchia, the anus, the apertures of the kidneys, and the 
osphradium. In the Fulmonata the mantle fold encloses a so- 
called lung-cavity. The front edge of the mantle coalesces with 
the integument of the neck in such a way as to enclose the 
cavity very completely, the only communication with the outer 
air being by means of the contractile breathing or pulmonary 
aperture on the right side. In the Tectibranchiate Opistho- 
branchs the mantle fold is inconsiderable, and is usually 
not of sufficient extent to cover the branchia, while in the 
Nudibranchs, which have no true branchiae, it disappears 
altogether. 

In the Pelecypoda the mantle cavity is equally developed on each 
side, enclosing the two sets of branchiae. The mantle may thus 
be regarded as consisting of two equal portions, which form a sort 
of lining to the two valves. The lower or ventral portion of the 
mantle edges may be simple, or provided with ocelli {Pecten, Jrea), 
tentacles, cilia {Lima, Lepton), or doubled folds. The two portions 
of the mantle touch one another along the whole line of the 
edge of the two valves, and, although thus in contact, may remain 
completely separate from one another, or else become permanently 
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united at one or more points. This fusion of the mantle edges 
corresponds to important changes in the organisation of the 
animal as a whole. The anal and branchial siphons are no more 
than prolongations of the mantle edges on the posterior side into 
a tubular form. These ' siphons " exhibit the siphonal form more 
distinctly according as the adjacent portions of the mantle become 
more definitely fused together. 

This progressive fusion of the mantle edges may be taken as 
indicating definite stages in the development of the Pelecypoda. 
A perfectly free mantle edge, joined at no point with the edge 
of the adjacent mantle, occurs in Nucvla, Area, Ammia, and 
Trigonia (see Fig. 80, A, B). Here there is nothing in the 



Fxq. 80. — Diagram illustrating the various stages in the closing of the mantle in Peleoy- 
poda : A, mantle completely o]ien ; B, rudiments of siphons, mantle still completely 
open ; C, mantle closed at one point ; D, mantle clo^ at two points, with com- 
plete formation of siphonal apertures ; E, development of siphons, ventral closure 
more extende«l ; F, mantle closed at three points, with fourth orifice : /, foot ; s.a, 
S.&, anal and branchial siphons ; 1, 2, 3, first, second, and third points of closure 
mantle. (After A. Lang.) 


nature of a siphon, either anal or branchial ; in other words, no 
contrivance exists to prevent the spent water which has passed 
over the branchiae from becoming mixed with the fresh water 
which is to reach them. When the mantle edges are fused at 
one point oidy^ this is invariably on the middle part of the 
posterior side, thus separating off an anal opening which may 
become prolonged into a tube-like form. At the same time the 
adjacent underlying portions of the mantle edges draw together, 
without actually coalescing, to form an opening for the incurrent 
stream of water, the rudiments of the 'branchial siphon ' (Fig. 80, C). 
This is the case with most MytUidae (see Fig. V5) with Car- 
dita, Aeiarte, and Pisidifim. In the next stage the branchial 
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opening is separated off by the concrescence of the mantle edges 
beneath it, and we have the mantle united in two placed^ thus 
forming three openings, the ventral of which is the opening for 
the protrusion of the foot (Fig. 60, D). This is the case in 
Toldia, Leda, the majority of the Eulamellibranchiata (e.g. Lwcina, 
Cyrena, Donax, Psammobia, Tellina, Ventis, Cardiim, Maetra), and 
all Septibranchiata. In Chama and Tridacna the fused portions 
of the mantle become more extended, and in Fholas, Xylophaga, 
Teredo, Pandora, and Lyonsia this concrescence takes places over 
the greater length of the whole mantle edge, so that the mantle 
may be regarded as closed, with the exception of the three 
apertures for the foot and the two siphons (Fig. 80, E). 

In certain genera there occurs, besides these three apertures, a 
fourth, in the line of junction between the pedal and branchial 
orifices. It appears probable that this fourth orifice (which has 
been regarded by some as an inlet for water when the siphons are 
retracted), stands in relation to the byssal apparatus (Fig. 80, F). 
In Lyomia, for instance, a thick byssus protrudes through the 
orifice, which is large and open. In Solen, Lutraria, Glycimerie, 
CochlodesTna, Thracia, Aspergillum, and a few more genera, which 
have no byssus, the orifice is very small and narrow. It is 
possible that in these latter cases, the byssal apparatus having 
become atrophied, the orifice has been correspondingly reduced 
in size.^ 

Kantle Reflected over the Shell — It is sometimes the case 
that the mantle edges tend to double back over the external sur- 
face of the shell, and to enclose it to a greater or less extent. 
When this process is carried to an extreme, the edges of the 
reflected mantle unite, and the shell becomes completely internal. 
We see an incipient stage of this process in Cypro/ea and ifor- 
ginella, where the bright polish on the surface of the shell is due 
to the protection afforded by the lobes of the mantle. A con- 
siderable portion of the shell of Scutus is concealed in a similar 
way, while in Cryptochiton, Lamdlaria, and Aplysia the rfiell is 
more or less completely enclosed. Among Fulmonata, it is possible 
that in forms like Vitrin^, Parmacella, Limax, and Avion, we 
have successive stages in a process which starts with a shell com-* 
pletely external, as in Helix, and ends, not merely by enveloping the 
shell in the mantle, but by effecting its disappearance altogether. 

^ Pelseoeer, CrnnpUi JUndtu , ex. p. 154. 
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In Fiirina and some allied genera we have a type in which the 
mantle lobes are partly reflected over the shell, which at the 
same time exhibits rather less of a spiral form than in ITelix. 
In the stage represented by ParTnacdla, the mantle edges have 
coalesced over the whole of the shell, except for a small aperture 
immediately over the spire ; the nucleus alone of the shell is 
spiral, the rest considerably flattened. In Umax the shell has 
become completely internal, and is simply a flat and very thin 
plate, the spiral form being entirely lost, and the nucleus repre- 
sented by a simple thickening at one end of the plate. In Avion, 
the final stage, we find that the shell, being no longer needed as 
a protection to the vital organs, has either become resolved into 
a number of independent granules, or else has entirely dis- 
appeared. 

Some indications of a similar series of changes occur in the 
Peleoypoda. The mantle edge of Lepton is prolonged beyond the 
area of the valves, terminating in some cases in a number of 
filaments. In Galeomma and Scintilla the valves are partially 
concealed by the reflected mantle lobes, and in a remarkable form 
recently discovered by Dali ^ {Ghlamydoconcha) the shell is com- 
pletely imbedded in the mantle, which is perforated at the 
anterior end by an orifice for the mouth, and at the posterior 
end by a similar orifice for the anus. In all these cases, 
except Lepton, it is interesting to notice that the hinge teeth 
have completely disappeared, the additional closing power gained 
by the external mantle rendering the work done by a hinge un- 
necessary. It is quite possible, on the analogy of the Gaster- 
opoda mentioned above, and also, it may be added, of the 
Cephalopoda and other groups, that we have here indicated the 
eventual occurrence of a type of Pelecypoda altogether deprived 
of valves, a greatly thickened mantle performing the part of a 
shell® 

The following works will be found useful for further study of 
this portion of the subject : — 

F. Bamardy Rechercbes sur les oiganes pall^ux des Gastdropodes pmo* 
branches: Sc. Nat. Z 00 I. (7) ix. (1890), pp 89-404. 


^ Science, iv. p. 50. 

* P. Piseber, Jbufn, de OmekyL (3) xxvii. p. 201, 
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CHAPTER VII 


ORGANS OF sense: TOUCH, SIGHT, SMELL, HEARING— THE FOOT— 
THE NERVOUS SYSTEM. 

Orgaia cf Sem : I Toueh. 

Tactile organs, although oocurring in some of the MoUusca, do not 
appear to attain special or marked development, except in a few 
casea The whole surface of the skin, and particularly d the 
foot, is very sensitive to the slightest impression. Nearly all 
Gasteropoda are furnished with at least two cephalic tentacles, 
projecting like horns from each side of the fore part of the head. 
At or near the base of these are generally situated the eyes. 
In the Helicidae the eyes are situated, not at the base, but at 
the apex of the tentacles, and in that case — except in Vertigo — 
a second pair of shorter tentades appears beneath the longer 
pair. It frequently happens that several senses are centred in 
a single organ, thus the upper tentacles of snails not only 
carry the eyes and serve to a c^tain extent as tactile organs, 
but they also carry the organs of smell 

The edges of the mantle, which are sometimes specialised 
into lobes, appear to be keenly sensitive to touch in all 
Gastropoda, 

In Cgpraea (Fig. 81) these lobes, or tentaculae, are a 
prominent feature of the animal, and also in certain genera of 
the Tiochidae (Fig. 82). In most of the carnivorous land 
Fulmonata — e.g. TestaeeUa, Skytida, Ennea — there ate developed, 
under the lower pair of tentacles, and close to the mouth, 1^ 
labial palps or feelers. These are connected with the cerebral 
ganglion by a very large nerve, and may therefive be supposed 
to be of extreme sensitiveness. In scune of the large carnivorous 
VOL lu N 
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forms {Glamdina, Aerope, compare Fig. 21, p. 54) these polpae are of 
great size, and curl upwards like an enormous pair of moustaches. 



F 


Fio. 81. — Cy^^raea moneia L., showing tentsculae at 
edge of mantle, which partly envelopes the shell : 
Si, siphon ; M, M, mantle ; F, foot ; T, tenta- 
culae at edge of mantle. (After Quoy and Gai- 
mard). x 



Fig. %%.—M(mod(ynia canalU 
/era Lam., New Ireland, 
showing mantle lobes. 
(After Quoy and Gai- 
mard.) 



When a Glandina seizes its prey, the palpae (see Fig. 83) appear 
to enfold it and draw it in towards the mouth. 

It is in the Opisthobranchiata that the organs of touch 
attain their maximum development. Many of this group are 
shell-less or possess a small internal shell, and accordingly, in the 
absence of this special form of defence, a multiplied sense of 
touch is probably of great service. Thus we 
find, besides the ordinary cephalic tentacles, 
clusters or crowns of the same above the head 
of many Nudibranchiata, with lobe-like pro- 
longations of the integument, and tentacular 
processes in the neighbourhood of, or surround- 
ing the branchiae (see Figs. 58 and 84), or even 
projecting from the whole upper surface of the 
body (Fig. 5, C). 

In the Pelecypoda, the chief organs of touch 
are the foot, which is always remarkably sensitive, especially towards 
its point, the labial palps on each side of the mouth, and the 
siphons. In certain cases the mantle border is prolonged into a 
series of threads or filaments. These are particularly noticeable 
in Fecten, Lepton, and Lima (Fig. 85), the mantle lobes of the 
common L. Mans of our own coasts being very numerous, and of 
a bright orange colour. In many genera — e.g. Unio, Mactra — 
this sensibility to touch appears to be shared by the whole 
mantle border, although it is not furnished with any special 
fringing. The ‘ arms * of the Cephalopoda ap{)ear to be keenly 


Fig. 83. — Glandina 
seizing its prey, 
with buccal papil- 
lae turned back. 
(Strebel.) 


Fig. 84. — Idalia Leachii A. and H., British seas ; br^ branchiaa. (After 
Alder and Hancock.) 


an especial degree for exploration and investigation of strange 
objects. 

Taste. — The sense of taste is no doubt present, to a greater 
or less extent, in all the head-bearing Mollusca. In many of 
these a special nerve or nerves has been discovered in the 
pharynx, connecting with the cerebral adn 

ganglion; tliis no doubt indicates the 
seat of the faculty of taste. The Mol- 
lusca voxy greatly in their likings for 
different kinds of food. Some seem 
to prefer decaying and highly odorifer- ^7, 
ous animal matter {Buccinum, Nassa), 
others apparently confine themselves 
to fresh meat {Purpura, Natica, 

TesioucellaX others again, although natu- Fw- 85.— Aim 

i:ally vegetarian, will not refuse flesh lobes of mantle (<,0; «, anus; 

o. «»»ion Udi^). 

Mr. W. A. Gain^ has made some 
interesting experiments on the taste of British land Mollusca, as 
evidenced by the acceptance or rejection of various kinds of food. 
He kept twelve species of Arion and Limax, and eight species of 
Selix in captivity for many months, and tried them with no less 
than 197 different kinds of food, cannibalism included. Some 


> Jownu of CoMikn vi. p. 849 ff. 
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curious [X)ints came out in his table of results. Amalia goffoies 
appears to l)e surprisingly omnivorous, for out of 197 kinds of 
food it ate all but 25 ; Arion aUr wime next, eating all but 40. 
Limax arborum, on tlie other hand, was dainty to a fault, eating 
only seven kinds of food, and actually refusing Swedes, which every 
other species took with some avidity. Certain food was rejected 
by all alike, e,g. London Pride, Dog Eose, Beech and Chestnut 
leaves. Spruce Fir, Common Eush, Liverwort, and Lichens ; while 
all, or nearly all, ate greedily of Potatoes, Turnips, Swedes, 
Lettuces, I^eeks, Strawberries, Boletus edvlis, and common 
grasses. Few of our common weeds or hedgerow flowers were 
altogether rejected. Arion and Limax were decidedly less 
particular in their food than Helix, nearly all of them eating 
earth-worms and puflf-balls, which no Helix would touch. Arion 
ater and Limax maximus ate the slime off one another, and 
portions of skin. Cyclostoma elegans and Hyalinia nitida 
preferred moist dead leaves to anything else. 


II. Sight 

Position of Eyes. — In the majority of the head-bearing 
MoUusca the eyes are two in number, and are placed on, or in 
the immediate neighbourhood of the head. Sometimes they are 
carried on projecting tentacles or * ommatophores,’ which are 
either simple (as in Prosobranchiata) or capable of retraction 



Fia. 86. — A, Limnaea peregra Miill. ; e, e, eyes ; t, t, tentacles : B, Hdiic nemoralis 
MiilL ; e, «, eyes ; ty t, tentacles ; p.o, pulmonary oriace. 

like the fingers of a glove {Helix, etc.). Sometimes, as in a large 
number of the marine Gasteropoda, the eyes are at the outer base 
of the cephalic tentacles, or are mounted on the tentacles them- 
selves, but never at the tip (compare Fig. 60, p. 153 and Fig. 98, 
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p. 199). lu other cases they are placed somewhat farther back, at 
the sides of the neck. The Pulmonata are usually subdivided into 
two great groups, Stylommatophora and Basommatophora (Fig. 
86), according as the eyes are carried on the tip of the large 
tentacles {Helix, and all non-operculate land shells), or placed at 
the inner side of their base {Limnaea, Phym, etc.). In land and 
fresh-water operculates, the eyes are situated at the outer base of 
the tentacles. 

In the Helicidae, careful observation will show that the eyes 
are not placed exactly in the centre of the end of the tentacle, 
but on its upper side, inclining slightly outwards. The eye is 
probably pushed on one side, as it were, by the development of 
the neighbouring olfactory bulb. The sense of smell being far 
more important to these animals than the sense of eight, the 
former sense develops at the expense of the latter. 

Organisation of the Mollnscan Eye. — The eye in Mollusca 
exhibits almost every imaginable form, 
from the extremely simple to the 
elaborately complex. It may be, as in 
certain bivalves, no more than a pig- 
mented spot on the mantle, or it may 
consist, as in some of the Cephalopoda, 
of a cornea, a sclerotic, a choroid, an 
iris, a lens, an aqueous and vitreous 
humour, a retina, and an optic nerve, or 
of some of these parts only. 

In most land and fi^esh-water Mol- 
lusca the eye may be regarded, roughly 
speaking, as a ball connected by an 
exceedingly fine thread (the optic nerve) s 7 .— Eye of mix pomaHa 

with a nerve centre (the cerebral gang- retracted within the 

, . . T f 7 • • 1 n • 11 • 4. • tentacle ; c. cornea ; ep, epi- 

lion). In PaludlTia this ball is elliptic, thelial layer ; I, lens ; op,n, 

in Hanorhis and Neritina it is drawn optic .^e; r, retina. (Afl« 

out at the back into a conical or pear 

shape. In Helix (Fig. 87) there is a structureless membrane, 
surrounding the whole eye, a lens, and a retina, the latter 
consisting of a nervous layer, a cellular layer, and a layer of 
rods containing pigment, this innermost layer (that netirest the 
Ituis) lieiiig of the thickness of half the whole retina. 

CojuiMvring the eyes of difierent Giistei-opotla toother, \w, find 
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that they represent stages in a general course of development. 
Thus in Patella the eye is scarcely more than an invagination 
or depression in the integument, which is lined with pig- 
mented and retinal cells. The next upward stage occurs in 
Trochm, where the depression becomes deeper and bladder- 
shaped, and is filled with a gelatinous or crystalline mass, but 
still is open at the top, and therefore permits the eye to be 
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Fig. 88* — Eyes of Gasteropoda, showing arrest of development at successive stages r A, 
Patella; B, Trochua ; C, Turbo; D, Murex ; ep, epidemjis ; f, lens; t)p.», optic 
nerve ; r, retina ; v.A, vitreous huinoui*. (After Hilger.) 


bathed in water. Then, as in Turho, the bladder becomes 
closed by a thin epithelial layer, which finally, as in some Murex, 
becomes much thicker, while the ‘eyekill* encloses a lens (Fig, 
88), which probably corresponds with the ‘ vitreous humour ' of 
other types. 

In NatUilus the eye is of a v(‘ry simple type. It consists of 
a cup-shaiKjd depression, with a small <»jKmiug whicli is not 
quite closed I>y the integument. The retina consists of cells 
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which line the interior of the depression, and which communicate 
directly with the branches of the optic nerve, there being no 


iris or lens. This type of eye, 
it will be observed, corresponds 
exactly with that which occurs 
in Patella, It appears also to 
correspond to a stage in the 
development of eyes in the 
Dibranchiata (e.g. Octopus, Sepia, 
Loligo), Lankester has shown ^ 
that in Loligo tlie eye first 
appears as a ridge, enclosing an 
oval area in the integument. 
By degrees the walls of this 
area close in, and eventually 
join, enclosing the retinal cells 
within the chamber in which 


T r 



the lens is afterwards developed 
(Fig. 89). It thus appears that 
in some cases the development 
of the eye is arrested at a point 
which in other cases only forms 


Fia. 89. — Three stages in the develop- 
ment of the eye of ; r, r, ridge, 

enclosing p.o.c, primitive optic cham- 
ber ; or, orifice between the closing 
ridges ; s.o.c, secondary optic chamber ; 
a, Cl, ciliary body ; I, rudimentary 
lens ; R, retina. (After Lankester.) 


a temporary stage towards a higher type of organisation. 


The developed eye in the dibranchiate Cephalopods consists 


of a transparent cornea, which may or may not be closed over 



F;q. 90. — Eye in 
A, Loligo; B, He- 
lix or Lirmx; G, 
Nautilus : a,o,c, 
anterior optic 
chamber ; c, cor- 
nea ; ini, integu- 
ment ; iV, iris ; I, 
lens ; l\ external 
portion of lens ; 
qp.n, optic nerve ; 
op,g^ optic gang- 
lion ; jp.o.c, poste- 
rior optic cham- 
ber ; r, retina. 
(After Grenacher.) 


the front of the lens. Behind the cornea is a narrow chamber 
(the anterior optic chamber) which is continued for three parts 

^ Qmri, Joum, Micr, Sc, N.S. xv. p. 37. 
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round the whde circle of the eye, and into which project the 
front portion of the lens and the folds of the iris. Throughout 
its whole extent, the anterior optic chamber is lined by the 
integument, the portion of which on the inner side is the 
choroid. The lens is divided into an outer and inner seg- 
ment by a thin membrane, and is supported by the ciliary 
body which forms a continuation of the retina. The main 
portion of the lens lies within the posterior optic cham- 
ber, at the back and sides of which is found the retina 
(Grenacher). 

There can be no doubt that the Cephalopoda use their eyes to 
observe, but there is nothing to show that any other Mollusca 
use their eyes for this purpose, the sense of smell in their case 
largely taking the place of visual observation. Madame Jeannette 
Power once saw ^ the Octopus in her aquarium holding a fragment 
of rock in one of its arms, and watching a Pinna which was 
opening its valves. As soon as they were perfectly open, the 
Poulpe, with incredible address and promptitude, placed the stone 
between the valves, preventing the Pinna from closing again, 
upon which it set about devouring its victim. The next day 
the Poulpe was seen, after crushing some Tellina, to stretch 
himself down close by a Triton nodifervs, and watch it atten- 
tively. After four hours the Triton emerged from its shell, 
when the Octopus sprang upon it, and surrounded it with its 
arms. 

Powers of Vision in Land Mollusca, — The Helicidae are un- 
doubtedly very short-sighted. Seldom emerging from their retreats 
except in twilight and darkness, they are naturally myopic, and 
see better in a subdued than in a bright light. Experiment has 
shown that a Helix can perceive an object better at 6 centimetres 
distance in a weak light than at 4 or 5 millimetres in a strong 
one. Cyclostoma elegans and Paludina vivipara are comparatively 
long-sighted, perceiving objects at a distance of 20 to 30 
centimetrea^ The increased power of vision is due, in these two 
cases, to increased elaboration in the construction of the eye, 

^ Ann, Mag, Nat, Hist. (2), zx. p. 336. 

* V. Willem {Arch. Biol, ut infr.) denies this, and declares that OyclosUma is 
only vety sen^tiva to moyements. The present writer has often approached, with 
the greatest care, a crawling Cyctost/oma^ but it always withdrew into its shell or fell 
to the ground ivhcn approached within about 10 or 12 inches. 
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JPaindina possessing a large and almost spherical lens, to which 
the vitreous humour closely adheres, while in Cydostoma the lens 
is remarkably hard, and the aqueous humour very abundant 
According to V. Willem, ^ the Pulmonata are very sensitive to 
the slightest movement of the air or jarring of the surface on 
which they crawl, but are so short-sighted as only to perceive a 
confused image of a large object at about 1 cm., and to distin- 
guish the form of objects at not more than 1 or 2 mm. The 
senses of touch and smell are far more active than that of sight. 
A bean-pod enclosed in a narrow glass case and placed before a 
hungry snail was not npticed, but when taken out of the case and 
placed 8 cm. behind the snail, the latter at once turned towards 
it to devour it. 

Some interesting experiments were conducted by the same 
author with the view of ascertaining whether snails avoid or 
court the light. He placed a number of species in different 
wooden boxes, which were divided into a light and a dark com- 
partment, having previously well soaked the boxes in water to 
secure a humid atmosphere and surface, and so induce the snails 
to move about. The result showed that nearly all species have a 
marked predilection one way or the other, but not all in the 
same way. Helix aspersa, Arion empiricorum, Six species of 
Limax, and three of Planorbis, are lovers of darkness, while 
H neTnoralis, Succinea piUris, and two species of Limnaea are 
lovers of light. Physa fontinalie stands alone in being quite 
indifferent. 

M. Willem endeavoured further to discover whether any of 
the MoUusca possessed ‘ dermatoptic perception,* or the faculty of 
perceiving variation of light by means of the skin alone. He 
accordingly repeated the above-mentioned experiments, having 
previously extirpated the eyes in all cases. The result was 
remarkable. In a few instances the experiment was not con- 
clusive, but H dspersa, A. empiricorum., several species of Limxtx, 
and one Limnaea shunned or sought the light just as they had 
done when their eyes were present. A few marine MoUusca 
(Littorina littorea, Trochus cinerarius, T. umhUicatue, Patdla 
vvigata) were also shown to be exceedingly sensitive to the impact 
of a shadow, whether with or without their eyea 

Elind and Eyeless MoUusca. — In a large number of marine 

1 Aroh, Biol. xii. 18W, p. 67. 
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MoUusca which habitually creep about half buried in wet sand 
{Bvilia, Sigaretus, Scaphander, PhUine), eyes are altogether absent. 

In some species of Natica and Sigaretus, 
and in Doris, eyes are developed, but are 
enclosed in a thick layer of skin, through 
which they can probably do little more than 
faintly appreciate different degrees of light 
and darknesa Chiton has cephalic eyes in 
the embryo, but loses them in the adult 
stage. The two great Auricula, A. auris 
Judae and A, auris Midae, which habitually 
creep about in the liquid mud of mangrove 
swamps, have entirely lost their eyes. Cer- 
tain pelagic Mollusc*a seem to have a 
Lara., a species tendency, which 18 not easily explained, to 

frequenting wet sand, Jqqq their eves or the power of seeing with 
and destitute of ex- , mi ^ ^ ^ i ° n 

teniai eyes ; F. ante- them. Thus lanthtna has no eyes at all. 

(After^ouieyet^) Pteropoda as a rule have no eyes, and the 
few that have {Creseis, Cavolinia) possess 
only certain pigmented spots placed near to the nervous centres. 
In the Heteropoda, however, and the Cephalopoda, many of which 
are pelagic, the eyes are unusually large. 

Eyes in Deep-sea and Underground MoUusca. — Deep-sea 
MoUusca, as a rule, possess no visual organs, or possess them only 
in a rudimentary state, but this rule hfis its exceptions. Dr. 
Pelseneer found ^ no trace of eyes in two species of Pleurotoma 
from 1860 and 1950 fath., none in a Fossarus from 1400 f., 
none in a Puncturella from 1340 f. A remarkable form of Voluta 
(Ouivillea) from 1600 f. possessed eyes which could hardly be 
functional, as they were destitute of pigment, and exhibited other 
changes of structure. On the other hand, it is remarkable to 
notice that in three different species of Trochus from 450 f., 
565 f., and 1375 f., the eyes were pigmented and well 
developed. 

In land MoUusca which live beneath the surface of the ground 
or in absolute darkness, the eyes are generally more or less 
modified. Thus in Testacdla, which usually burrows deeply in 
the soil, but occasionally emerges into the open air, the eyes are 
very small, but distinct and pigiuente/d. Our little Caeciliandlg, 
’ ‘ Challenger * Reports, Zoology, vol. xxviu part Ixxiv. p. 3. 
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OfCicida, which is never seen above the surface^ is altogether 
destitute of eyes. A species of Zospeum, a ffelix, and a Bitkyndla 
from dark caves in Camiola have suffered a similar loss. On the 
other hand, a small Hyalinia from a dark cave in Utah (probably 
a recent addition to the cave fauna) has the eyes nmmally 
developed. 

Eyes of Onchidinm. — Many species of Omhidium^ a naked 
land pulmonate which creeps on rocks near high-water mark, are 
provided with dorsal eyes of various degrees of organisation, and 
in numbers varying up to nearly one hundred. The tropical 
Orichidium are the prey of a fish which skips along 

the beach by the aid of its large ventral fins, and feeds principally 
on insects and Onchidium. Karl Semper suggests ^ that the eyes 
are of service to Onchidium as enabling it to apprehend the 
shadow of the approaching Periophthalmus, and defend itself by 
suddenly contracting certain glands on the skin and expressing a 
liquid secretion which flies into the air like shot and frightens 
the Feriophthcdmus away. This theory — for it is no more than 
theory — may or may not be true, but it is remarkable that 
Onchidium with dorsal eyes have precisely the same geograpliical 
distribution as PeriophthodmuSj and that where no Periophthalmus 
exists, e.g, on our own S.W. coasts, the Onchidium are entirely 
destitute of dorsal eyes. In those species of Onchidium which 
have no dorsal eyes, the latter are on the tips of the tentacles, as 
in Helix, The eyes are developed on the head, and afterwards 
ascend with the growth of the ommatophores, while in Helix the 
ommatophores are formed first, and the eyes developed upon 
them.2 

Dorsal Eyes in the Ghitonidae. — The remarkable discoveries 
of Moseley with regard to the dorsal eyes of Chiton were first 
published in 1884,® He happened to notice, while examining a 
specimen of Schizochiton imisus, a number of minute black dots 
on the outer surface of the shell, which appeared to refract light 
as if composed of glass or crystal. These ‘ eyes,’ in all the species 
of Chiton yet examined, are restricted to the outer surface of the 
exposed area of the shell, never being on the laminae of insertion 
or on the girdle. In certain sub-genera of Chiton the eyes are 
scattered irregularly over the siurface, in others they are arranged 

* Anitiml Life^ p. 372 f. ** Bcrgh, Morph, Jahrb, x. p. 172. 

» Arm, Mag. NaL Mist, (5) xiv. p. 141. 




i88 


BYES or CHITON 


CHAP. 


symmetrically in rows diverging from the apex of each plate, but 
in old specimens the eyes towards the apices are generally 
rubbed off by erosion or abrasion. Moseley regarded the occur- 
rence of scattered eyes as indicating an original stage of develop- 
ment, when the eyes were at first disposed irregularly all over the 
surface of the sh^ ; the gathering into reguleu: rows showing a 
later stage. 

The eyes appear to be invariably more numerous on the 
anterior plate. Thus in Corephium aculeatum there are about 



Fig. 92. — ^Dorsal eyes of 
Chitmidaef showing 
the various forms 
of arrangement in 
the first and fourth 
valves of 1 , lUfAcan^ 
thojAeura spinigera 
Sowb., £. Indies, x 
2 ; 2, 2a, Tontcia sue- 
Tsenais Beeve, Suez, 
X 3; 3, So, Acan- 
thoplewra grambUtta 
GmeL, W. Indies, 
X 2 ; 4, 4a, Tonicia 
UriMlata, Fremb., 
Chili, X 2. From 
specimens in the 
Museum of Zoology, 
Cambridge. 


12,000 in all, of which more than 3000 are on the anterior 
plate. In Sehizochiton they are arranged in very symmetrical 
rows, six of which are situated on the anterior, and only 
two, sometimes only one, on the central platea In Tonicia 
Tnarmorata the eyes are sunk in little cup-shaped depressions 
of the shell, possibly to escape abrasion. As regards shape 
and size, in Ch. inoiam they are circular, and about inch in 
diameter, this lieing the largest size known ; in Ch. spiniger and 
Ch. acuteatus they an; oval, measuring al)out X inch. 
Hiere are no eyes in Chiton proiier, nor in Mopcdia, Mangcria, 
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Zorica, and IscknochitoTL^ None of our English species appear 
to possess them.^ 

Ejras in Bivalve MoUtuca. — Some, possiblj most, of 
Pelecypoda possess, in the larval state, true paired eyes at the mal 
end of the body. These become aborted as the animal devekps, 
since that part of the body becomes entirely screened from the 
light by the growth of the shell. To compensate for their loss, 
numerous ocelli, or pigmented spots sensitive to the action of light, 
are in many cases developed on different parts of the mantle, 
functionally corresponding to the 'eyes* of Chiton described 
above. As in Chiton too, we have here an interesting series of 
instances in which true eyes have suffered total obliteration, 
through disuse, and, as if to restore to the animal in some 
measure its lost sense, visual organs of a low power have sub- 
sequently been developed and are now observed in various stages 
of specialisation. 

Concentration of Eyes in Special Parts of the Mantle. — 

Sharp has shown® that in several species of Ostrea, Cardium, 
Anomia, Lima, Avicula, Area, and Tdlina pigmented cells, with 
a highly refractive cuticle, are scattered over a considerable 
portion of the mantle. Experiment has proved the powers of 
‘ vision,* i.6. of sensitiveness to different degrees of light, possessed 
by these organa In Dremena polymorpha, Tapes decussatus, and 
two species of Venus these cells are concentrated on that particu- 
lar part of the mantle which is not always covered by the shell, 
i,e, the siphon, but since the siphon can be completely retracted 
within the shell, there is no special provision for their protection. 
A further step is shown in the case of Mya arenaria, where the 
siphon is scarcely capable of complete retraction. Here, while 
some of the pigment cells are scattered about over the surface of 

^ The nature of the grouping of the eyes into rows varies oonsiderably in different 
Bpeoies. As a rule, the rows radiate from the beak, but oooasionally they run par- 
allel to the girdle. In Tonicia limolata Fremb., they are grouped, as it were, under 
the shelter of strongly marked longitudinal wavy lines. 

^ SheU-Eyea in other MoUusoa. — The Bev. J. E. Tenison-Woods (Frans* Linn. 
Sac. N, S. Wales, xidL p. 106} is of opinion that * shell-eyes ’ are by no means oon- 
fined to the Ghitonidae, but that, in tact, multiplicity of eyes of this kind is the 
rule rather than the exception among the MoUusoa. He finds (1) exceedingly minute 
and numerous ‘ eyes * on the outer surface of the sheU in both univalves and bi valves ; 
(2) large and solitary ' eyes ' in the shell substance ; (8} eyes on the mantle lobes in 
both univalves and bivalves ; (4) eyes on the opercula. 

* Math* Stal. Zool. Neap. v. p. 447 fL 
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the siphon, the majority are placed in grooves at the base of the 
siphonal tentacles, forming an intensely black band round them. 
A higher stage still is shown in Solen vagina, S, ensis, and Mactra 
soHdissima, where the cells are situated only in the siphonal 
grooves, which ore more or less specialised in numbers and com- 
plexity. 

Area Noae, according to Patten, is very sensitive to any 
sudden change in the amount of light falling upon its mantle- 
edge. A faint shadow cast upon it by the hand is sufficient to 
cause it to close its valves quickly, but always one or two 
seconds afterwards, the promptitude in all cases depending upon 
the depth of the shadow. Sensitiveness in this direction was 
found to depend greatly upon the vitality of the animals them- 
selves, since it always became less in those specimens which had 
been kept for long in confinement. A shadow was not always 
necessary to make them close. An ordinary black pencil, if 
approached within two or three inches with extreme caution, 
produced the same result, while a glass rod brought within the 
same distance, and even moved rapidly to and fro, appeared to 
cause no alarm. Sensitiveness to change in intensity of light 
was experimentally noticed by the same author in the case of 
Ostrea, Mactra, Avicula (to a special extent), and Cardium. It 
is very i*emarkable to find that increased elaboration in the 
structure of the eyes does not necessarily carry with it increased 
sensitiveness, i.e. higher visual powers. Avicula, which is only 
provided with a few scattered ommatidia, which would entirely 
escape the notice of any one who had not seen them better de- 
veloped elsewhere, was considerably more sensitive to light and 
shade than Area, with its eyes of conspicuous size and much 
more perfect organisation, instantly contracting the mantle 
upon the impact of a shadow so faint as to be invisible to the 
experimenter.^ 

Visual Faculties of Solen and Ostrea. — The visual power of 
Solen may be exemplified by any one who is walking along 
almost any of our sandy bays at extreme low-water mark. If 
the day be warm and sunny, numbers of Solen will be seen 
raising themselves an inch or two out of their holes ; but if you 
wish to catch them you must approach very cautiously, and on 
no account allow your shadow to fall upon them, or they will 
1 W. Patten, MUOt. Zool, Stat, Neap. vi. (18S6) pp. 546, 605 f. 
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pop down into their burrows in an instant, and it is vain to 
attempt to dig them out. ‘How sensitive/ remarks Mr. W. 
Anderson Smith, with reference to oysters/ ‘ the creatures are to 
the light above them ; the shadow [of the boat] as it passes over- 
head is instantaneously noted, and, snap! the lips are firmly closed.* 
Ocelli of Pecten. — In Pecten and Spondylus the ocelli are 
remarkably large and prominent, shining like precious stones, and 
are placed along the two edges of the mantle so as to receive the 
light when the shell gapes (Fig. 93). In Pecten opercviaris, 
jdcohaeus, and maximue their number varies from 80 to 120. 
In Spondyltis gaederopus, a very inequi valve shell, 60 have been 
counted on the right or fixed valve, and 90 on the left or upper 
valve. Each ocellus is con- 
nected, by means of its 
optic nerve, with the large 
circumpalleal nerve, and so 
with the branchial gan- 
glion. They possess a cornea, 
lens, choroidea, and optic 
nerve, and, according to Fig. 98.-- showing the 
Hickson* bear a consider- o«K.- on the two edg«. of th. mantie. 

able resemblance to the vertebrate type of eye. In spite of this, 
the power of vision in these genera does not appear at all superior 
to that of other Pelec}’poda. 

According to the elaborate investigations of Patten, the 
‘ eyes * in Area occur upon the middle or ‘ ophthalmic ' fold of 
the mantle-edge, which is thickened at the end to admit of their 
reception. Along 

mantle - edge, bnt 

Fio. 94.— Compound eyes (c.s) of Area harbata L.; inJ, oiYinllpr 'mnra 

mantle fold ; omniatidia. (After Patten. ) Biiiauer auu more 

numerous towards 

the middle. These brown spots, or ‘eyes' are many of them 
compound, being made up of the fusion of a niunber of 
^ Bemierlochi p. 136. ’ Quart. Jowm. Micr. Soc. xx. p. 443. 
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ommatidia (from 10 to 80) into one large round eye, which is 
generally elevated above the surface of the surrounding epithe^ 
lium. Sometimes these eyes themselves tend to fuse together. In 
one specimen of Area Noae, 133 of these faceted eyes were 
counted in one mantle border, and 102 in the other. 

There can be little doubt that the development of these 
functional eyes, or sensitive spots, in bivalve MoUusca, is due to 
special needa They appear to be entirely absent in fresh-water 
bivalves (with the exception of Dreissensia, which is obviously a 
marine genus recently become fresh- water), while they are most 
abundant in genera living between tide marks (Solen, Mya, 
Mactra), and most highly specialised in a genus that is, for a 
bivalve, of singularly active habits {Pecten). Now genera living 
in sand between tide marks, as the three above-mentioned genera 
are in the habit of doing, and also protruding their siphons, 
and occasionally a considerable portion of their shells, out of their 
burrow, are manifestly very much at the mercy of their watchful 
enemies the gulls, and anything which would enable them to 
apprehend the approach of their enemies would be greatly to 
their advantage. Here, perhaps, lies the explanation of the 
greater elaboration of these pigmented spots in littoral genera, as 
compared with those inhabiting deeper water. Pecten, again, a 
genus distinguished by great activity, which can ‘ fly * for con- 
siderable distances in the water by flapping its valves together 
and expelling the water from the apertures at either side of the 
hinge, may be greatly assisted by its ocelli in directing its flight 
so as to escape its enemies. 


III. StmU 

The sense of smell — touch at a distance, as Moquin- 
Tandon has called it — is probably the most important sense 
which the Mollusca possess, and is unquestionably far more 
valuable to them than that of sight. Any one who has ever 
enjoyed the fun of hauling up lobster pots will recollect that 
part of the contents was generally a plentiful sprinkling of 
BvtGcinvmt Nas$a, and Natica, attracted by the smell of the 
stinking piece of fish with which the trap was baited. Accord- 
ing to Mr. J. S. Gibbons,^ Byllia rhodostoma congregates in 

‘ Qmrt, Jimm, of Conch, i. p. 368. 
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htmdpeds on gigantic medusae which ave stranded on the sandy 
bays near the Cape of Good Hope. Dr. J. G. Jeffreys says ^ that 
quantities of the common Neptunm arUiqwi ** are procured on the 
Cheshire coast by the fishermen placing a dead d(^ on the sands 
at low-water mark during spring tides The bait is then com- 
pletely covered with stones, which are piled up like a cairn. On 
the next turn of the tide the heap of stones is visited, and the 
whelks are found on the surface in great numbers, having been 
apparently attracted by the smell of the bait, but unable to get 
at it.” 'Mx. W. A Lloyd kept specimens of N<Ma reticulata in 
a tank in the sand, at the bottom of which they usually remained 
buried. If a piece of meat of any kind were drawn over the 
sand, the Nassa would appear above the surface in a few minutes. 
Half-picked beef or mutton bones, if placed in the tank, were 
covered in a few minutes. In fact, no animal matter, whether 
living or dead, could be introduced without the Naesa smelling 
it, and coming up to see what they could get.* 

Any one can experiment for themselves on the olfactory 
powers of our common snails or slugs. Moquin-Tandon records * 
two interesting cases, one communicated to him by letter, the 
other occurring to himself. His correspondent, a M. Parenteau, 
was one day walking along a dusty high-road, when he noticed, 
near the middle of the road, an empty bean-pod and two Arions 
eating it. Attributing the meeting of feeders and food to mere 
chance, he was walking on, when he noticed a second bean-pod, 
and, about two yards away from it, a third Avion, hurrying 
straight towards it. When the Avion had yet more than a yard 
to traverse, M. Parenteau picked up the bean and put it in his 
pocket. The Avion stopped, raised its head, and turned in every 
direction, waving its tentacles, but without advancing. M. 
Parenteau then carried the bean to the other side of the road, 
and put it in a small hole behind a piece of stone. The Avion, 
after a moment’s indecision, started off straight for the bean. 
Again the position of the precious morsel was changed, and 
again the Avion made for it, this time without being further 
tantalised. M. Moquin-Tandon noticed, one rainy day in the 
botanical gardens at Toulouse, two Limax maximuB approaching 
a rotten apple from different directions. He changed the position 

^ BrUiah Conokology, i. p. xxviii. 

* Science Gossip, 1866, p. 269. • MoUusqvss do France, i. p. 180. 

VOL III 0 
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of the apple several timeS; placing it at a sufficient distance^ to 
be sure they could not see it, but they always hit it off correctly, 
after raising their heads and moving their long tentacles in every 
direction. It then occurred to him to hold the apple in the air, 
some centimetres above the head of the Limax, They perceived 
where it was, raised their heads and lengthened their necks, 
endeavouring to find some solid body on which to climb to their 
food. 

Several of the land MoUusca have the power of exhaling a 
disagreeable smell, Hyalinia alliaria smelling strongly of garlic, 
and Stenogyra decollata of laudanum ; but this need not be any 
argument for the sense of smell in the creatures themselves. 

Position of Ol&ctory Organs in Pnlmonata. — Most authori- 
ties are of opinion that the olfactory organs are situated in the 
tentacles. Moquin-Tandon considered that in the Helicidae and 
Limacidae the sense of smell is confined to the little knob or 
elevation at the end of the longer tentacles, close to the eye. He 
found that when he cut off these tentacles both in Limax and 
Arion, the creatures were quite unable to discover the whereabouts 
even of strongly-scented food. The same author believed that 
in the Basommatophora the sense of smell was piesent in the 
whole of the tentacle, which is covered with an exceedingly 
sensitive ciliated epithelium. Lacaze-Duthiers, however, places 
the olfactory sense in this group at the outer side of the base 
of the tentacles, near to the eyes. Some authorities ^ deny that 
the Helicidae have the olfactory organ at the tip of the tentacles, 
and locate it in a pedal gland near the mouth, which contains 
conspicuous sensitive cells. A Helix whose tentacles had been 
removed manifested its repulsion to the smell of spirits of tiir* 
pentine, while another Helix, which was unmutilated, did not 
object to the turpentine being held between its tentacles. 
Altogether, then, the exact position of the smell organ in the 
Helicidae must be considered as not yet thoroughly determined. 
Simroth holds that the sense of smell is distributed over the 
whole soft integument, and is especially concentrated in the 
feelers, and in the neighbourhood of the respiratory orifice,* 

In nearly all marine MoUusca yet examined, the organ of smeU 
or osphradium is in situation intimately connected with the 
breathing organs, being generally placed near their base, with the 
‘ Sochaczewer, Zeila* wiss, Zool* zxxv. p. 80. > Zool, Anz, 1882, p. 472. 
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object, apparently, of testing the quality of the water before it 
passes over the branchiae. It consists of a patch of the 
epithelium, modified in a special manner, and connected by its 
own nerve with one of the visceral ganglia. 

An osphradium does not necessarily occur in all genera ; for 
instance^ it has not been detected in FisswrellcL It is most 
highly specialised in the Conidae, and in the carnivorous 
Grasteropoda generally. In Bmcintm undatum, for instance, it is 
very large indeed, and, from its plumed form, has sometimes 
been mistaken for an accessory branchia (Fig. 95). In Haliotis 
it is paired, one lying in close proximity to each of the two 
branchiae, but in Turbo it , 

* 1 d* t ^ 

Chiton there is an osphra- ^ 
dium at the base of each 
separate gill filament, mak- ^ 

more on each side. Its 

p,.itio« i. „d m 5 

Cyclostoma will be seen by branchia (6r) and osphradium {oh - \ m, mucous 

rsfere.™ to Kgs. 103 M>d 
104 (p. 205). In the Pele- 

cypoda the osphradia are paired, and lie adjacent to the posterior 
adductor muscle, close to the hinder end of the axis of the branchiae. 
In the Tetrabranchiate Cephalopoda there are two osphradia, placed 
between the bases of the two pairs of gills. In the Dibranchiates 
on the other hand, a groove above the eyes has been regarded as 
the seat of the organ of smelL This gr(X)ve contains sensory and 
ciliated cells, and appears to be connected with a special nerve 
centre of its own, which ultimately is derived from the cerebral 
ganglion. 

Scarcely any instances of the exercise of the sense of smell on 
the part of bivalve Mollusca have been recorded. Something of 
the sort, however, seems to have been present in a case related by 
Mr. R L. King.^ A skull of a fox had been placed in a small 
ditch in order to soak, and after a few days, when taken out, was 
found to be covered with Piddium jpudllum to the number of 
at least two hundred, which had been probably attracted from the 
^ Zoologist^ iy. p. 1266. 
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water in the immediate neighbourhood by the smell of the 
decaying flesh. 

IV. Hearing 

Experiments made with a view to ascertain whether the 
MoUusca are sensitive to noises have usually led to the con- 
clusion that they are deaf to very loud sounda This is the 
more curious, because an imdoubted auditory apparatus has been 
discovered in a large number of genera. In the case of an 
experiment, it is not easy to be sure that the animal is not 
affected, at least in part, by the shock or jar, rather than by the 
actual sound. In some experiments, however, conducted at the 
Plymouth Marine Biological Laboratory, Mr. Bateson found ^ 
that Anomia could be made to shut its shell by smearing the 
glass of the tank with the finger in such a way as to make a 
creaking sound. It was evident that the cause of alarm was not 
the jarring of the solid framework of the tank, for the same 
result occurred when the object on which the Anomia were 
fixed was suspended in the water by a thread. It was found 
that the sound had to be of a particular pitch to excite the 
attention of the mollusc. 

As a rule the organ of hearing is nothing more than a small 
vesicle or sac (the otocyst), filled with a fluid secretion, in which 
are suspended one or usually more calcareous concretions known as 
otoliths. By means of cilia, which connect with sense-cells, these 
otoliths are given a peculiar movement or oscillation in the 
medium in which they are suspended. The number of the 
otoliths varies in different genera and species ; there are several 
hundreds in Avion and Limax, about a hundred in Helix 
pomatia, nemoralis, hispida, arinstorum, rotundata, Snccinea 
putriSy and Limnaea stagnalis ; about fifty in Planorhis contortns 
and Physa fontinaliSy only one in Cyclostoma elegans. The number 
increases with age. In young specimens of Limn, stagnalis 
as few as ten, nine, and seven have been noticed.* 

The otocysts are always paired, and, in Gasteropoda, are 
placed close to the pedal ganglia. The acoustic nerve, however, 
has been shown by Lacaze-Duthiers to connect with the cerebral 
ganglia in certain cases. The otocysts are never on the surface 

^ Joum. Mar. Biol. Ass. N.S. y p. 217. 

* Moquin-Tandon, Moll, de France, i. p. 188. 
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of the body and are rarely connected with it by any passage or 
tube ; it is probable therefore that sound reaches them simply 
through the medium of the tissues 

In the Pelecypoda the otocyst is similarly situated near the 



Fia. 96. — Illastrating the otocyst in A, Anodovda^ Cydaa ; ot^ otolith; a, b, e, e', 
cellular layers surrounding the chamber ; ci, cilia on interior walla of chamber : 
C, an otolith crushed. (After Simroth.) 

pedal ganglion, and is probably (though this has not yet been 
proved) similarly connected with the cerebral. There is only a 
single otolitk Pelseneer finds ^ in Nuculidae alone a free com- 
munication between the otocyst and tlie exterior. Anodonta has 
lieen observed ® to withdraw its foot into the shell at the noise 
of an opening door, a loud voice, or a shrill whistle, whether in 
a basin of water or lying on a study table. 

Delage extirpated the otocysts in certain Octopoda, and 
obtained some unexpected results. He found that remarkable 
effects were produced upon the animal's powers of locomotion, so 
that it was unable to preserve its proper balance in the water 
when in rapid motion, but its body was forced to undergo a form 
of rotation more or less pronounced. He concluded that the 
otocysts must possess, besides their auditory functions, a power 
which stands in some relation to the proper orientation of the 
body in locomotion, a power which is not wholly supplied by 
sight and touch alone. The otocysts may thus regulate locomo- 
tion by stimulating muscular acts which tend to keep the body 
in the straight line during the process of movement,® 

^ Zooh AwU. iv. (1890) p. 501. ° Baudon, Biv* Mag, Zool, 1852, p. 575. 

’ Arch. Zool, Exp, 0(n, (2) v. 1887, p. 2 ; compare also C. H. Hurst, Natural 
Science, ii. pp. 850, 421. 
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The Foot 

One of the most characteristic organs of the Mollusca is the 
foot, which, under one form or another, occurs throughout the 
whole phylum. The foot is a thickening, on the ventral side, 
of a portion of the integument of the animal, modified to serve 
different forms of motion. It attains its maximum relative area 
in the Chitonidae, many Nudibranchs, and the slugs generally, 
in nearly all of which there is no portion of the body which is 
not subtended by the foot. Here too it presents the form of a 
regular disc or ellipse, which is more or less produced. In many 
cases, however, the foot becomes modified in such a way that 
we are enabled to recognise well-marked anterior and posterior 
portions, which have received the name of propodium and rneta- 



Fia 97. — Sigaretus loutvigaim Lam. , showing excessive development of the propodinm 
(jor) and nietapodium {jnet) in a mollusc living in sand (the shell, which covers 
only the liver and adjacent parts, has been removed); ^ liver; s.aj?, aperture 
of proboscis, here dellected from the median line ; ty tentacles. (After Qnoy and 
Gaimard. ) 

podium respectively, while the intervening central portion is 
termed the mesopodium. 

The propodium is most strongly developed in genera which 
crawl about in wet sand, e.g. Naiicay Sigaretus, Oliva, Harpa, 
Scaphander (Figs. 97 and 98, and compare Fig. 91 ). In such cases 
it seems to serve as a sort of fender or snow-plough, to push the 
sand away on both sides of the path the animal is traversing. 
In some species of Sigaretus the propodium Ijecomes as it were 
banked up against the head and proboscis, which are thus 
unnaturally elevated, or tend to disappear altogether. Bvllia 
(Fig. 62), which crawls about rapidly on wet sand, appears 
to attain its object by a wide extension of the foot on all sides, 
and so slides over the sand instead of ploughing through it ; 
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the little lappets at the end of the 'tair probably serve as 
rudders. 

In Mdumpua and Pedipea the propodium is marked off by 
a groove across the ventral surface. When the animal is in 
motion it first advances the propodium and then pulls the rest 
of the foot after it with the looping gait of certain caterpillars. 
In many Cyclostomatidae this groove, instead of being transverse, 
is longitudinal, and the animal advances first the right and then 
the left segment of the foot, which gives it a swaying motion 
from side to side. 

Upon the metapodium lies the operculum, when it occurs. 
As a rule the metapodium is not sharply marked off from the 
rest of the foot. In Stromhus (Fig. 99) it becomes erected 



Fia. 98 . — diva Uxtilvna Lam., sbowing how the front part of the foot (/) is developed 
into a sort of fender, the propodinm {pr) ; s, e, eyes ; m.aj9, front appendage of 
mantle ; m.ap\ hinder appendage of mantle, folded into the suture when the 
animal is at rest ; at, siphon \ t, t, tentacles. (After Qnoy and Gaimard.) 

into a sort of hump or column, on the top of which the opercu- 
lum is situated. 

The epipodium is a prominent fold or border, which occurs 
upon the upper edge of the foot in most Diotocardia. In 
Jffaliotis it is of considerable breadth, and is covered by a 
number of lobes which spring from a moss-like prolongation of 
the skin. From the epipodium are developed the .lateral tenta- 
culae of Monodon^a (Fig. 82, p. 178), and of other subgenera of 
the Trochidae.' 

In the Opisthobranchiata the lateral edges of the foot (the 
parapodia) are frequently produced into broad folds or wing- 
like extensions, which in many cases tend to fold over the shell, 
and, in conjunction with the mantle, eventually imbed it 
altogether. By the wavy motion of the parapodia the animal is 
^ Compare Pelseneer, Bull Sci, Ft. B^lg. (3) xix. pp. 107, 182. 
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enabled to prc^[res8 through the water. The paired natatory 
lobes of the Pteropoda are simply the parapodia of the Tecti- 
branchs modified for swimming purposes. 

It is in the Heteropoda, Pteropoda, and most of all, the (Cephalo- 
poda, groups which have, for the most part, exchanged a crawling 
for a swimming life, that the modifications of the foot are most 
considerable. In Oxygyrus and Atlanta, for instance, the 
propodiuni and metapodium are sharply distinguished from the 
mesopodium, and no doubt have acquired, as a means of pro- 
pulsion, the power of separate movement, the animal swimming 
with these portions of the foot uppeimost. In Carinaria and 



Fro. 99. — SLrmbus lentigi- 
noaus Lam., showing the 
modified form of the foot 
{/) ; e, e, eyes on their 
pedicels ; mp, metapodinni ; 
op, operculum ; p, penis ; 
pr, proboscis ; t, t, tentacles. 
(After Quoy and Gaimard. ) 


Pterotrfvchea the metapodium has probably become continuous 
with the long axis of the l)ody, while the so-called ‘ foot * with 
its sucker represents only the original propodium. In the 
CephalojK)da the arms and funnel represent the modified foot, 
the sides of which are prolonged into a number of very long 
specialised tentaculae. In the adult Cephalopod some of the 
arms have assumed a position in advance of the mouth, the latter 
being in fact surrounded by a circle of arms. But in the 
Cephalopod embryo the mouth opens as in the (Jasteropoda, 
in advance of the arms, and it is only gradually that it becomes 
encircled by them. Arms and funnel alike are found to be 
innerved from the pedal ganglion.^ 

^ PeLseueer, Arch, Biol. viii. p. 728. 
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The pointed axe-shaped foot, which is characteristic of the 
majority of Pelecypoda, is doubtless derived from a form more 
akin to the flattened * sole ' of the Gasteropoda. A foot with 
something of this disc-shaped base actually occurs in some of the 
Nuculidae, the parapodia being furnished with pleats which 
recall similar formations in other Orders (Fig. 100). The principal 
modifications of the foot are due to its employment as a 
burrowing organ. In genera which burrow but slightly it is 
small and feebly developed, while in genera which habitually 
excavate, it becomes the largest and strongest organ of the body. 
At the same time it has a tendency to shift its position from the 



Fio. 100 . — Voldia IvnuUida Say, 
Greenland, showing the short 
plumed branchiae the 

gasteropodous foot (/), and 
the large labial palps (Lp, 
l.p) : Af as seen from the ven- 
tral margin ; B, from the left 
side, with the mantle turned 
back ; a.m, position of an- 
terior adductor muscle; t, 
intestine ; 4 
mantle. 


ventral to the anterior margin, accompanied by a corresponding 
narrowing of the shell, until it arrives at the position seen in 
MoUusca of the shape of Jfya, Pholas, and Solen, In sedentary 
or attached genera, e.g. Pecten, Chama, Ostrea, the foot tends to 
become aborted. 

The lyssus glajid, secreting a byssus of honiy threads, is 
characteristic of many Pelecypoda, and may be observed by any 
one in the common mussel It occurs in the larvae of many 
species which do not possess a byssus in the adult stage. The 
pedal gland of many Prosobranchiates, which secretes a tough and 
almost thread-like slime, is possibly homologous with the byssus 
gland of bivalves. 


Nervous System 

The MoUusca possess a nervous system, which usuaUy consists 
of a number of nerve centres or ganglia, linked together by bands 
(the c(mmis$wreB) and sending out thread-like nerves which 
ramify into the various organs. The character of the nervous 


202 


NERVOUS SYSTEM — GASTEROPODA 


CHAP. 


system varies greatly in different groups, ranging as it does from 
a condition of extreme complexity, in which the ganglia are 
numerous and the commissures equally so, to that of considerable 
simplicity, in which ganglia are almost entirely absent. 

The most important ganglia are (1) the cerebral^ which are 
always placed above or on either side of the mouth, and from 
which proceed the nerves of the eyes and tentacles ; (2) the pedal, 
which in Gasteropoda are situated below the oesophagus, in 
Pelecypoda at the base of the foot, and from which the nerves of 
the foot and sometimes the acoustic nerve arise ; (3) the pleural? 
whose position varies considerably, but is always below the 
oesophagus and slightly above the pedal ganglia ; these innervate 
the mantle, branchiae, heart, and viscera generally. 

Gasteropoda. — The simplest form of nerve system as thi**- 
understood occurs in the Amphineura, and more particularly in 
the Chitons. Here we find four longitudinal nerve-cords, parallel 
to one another for nearly the whole length of the mollusc. The 
two exterior cords probably represent the pleural, the two interior 
the pedal nervous system. There being no head or tentacles, but 
simply a mouth at the anterior end, the cerebral ganglia do not 
exist, but they are represented by the curved ring formed by the 
massing together of the two nerve-cords on each side. The only 
distinct ganglia are a pair of buccal ganglia (which are developed 
on a pair of commissures which pass forward from the cerebral 
mass and innervate the lips and buccal region), and a much 
smaller group, the sublingual. The two pedal cords are united by 
a number of transverse parallel connectives, which recall similar 
modes of connection in the Chaetopod worms and in Arthropoda. 

This quadruple set of nerve-cords is characteristic of all the 
Amphineura, but the absence of ganglia is most marked in the 
Chitons. In Proneomenia and Neomenia there is a distinct 
cerebral ganglion, formed by the massing of the two ganglia into 
one, while in Proneomenia the lateral cords are joined to the 
pedal, as well as the pedal to one another, by connectives. In 
Chaetoderma the cerebral ganglia, though adjacent, are distinct, 
and both the pedal and lateral cords connect directly with them, 
while there are no transverse connectives. 

^ Also known as labial and sup^'a-oesopJuigeal ganglia. 

* Wiv^n, however {K. Sv. Vet. Ak. Handl. xxiv. 1802, No. 12), describes trans- 
verse connectives in Chmtoderma. 
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The remaining three great divisions of Gasteropoda, namely, 
the Prosobranchiata, Opisthobranchiata, and Pulmonata, may 
regarded as comprising two distinct types of nervous condition, 
according as the loop formed by the two visceral nerve cords is 
twisted over itself, forming a figure of 8, or continues straight 
and uncrossed. In the former case, we get the condition known 
as atreptomurous, in the latter that as euthyneurous} The 
Euthyneura include the whole of tlie Opisthobranchiata^ and 
Pulmonata, the Streptoneura all the Prosobranchiata. 



Fio, 101. — Nervous system of the Amphineura: A, Proneommia; B, KwiMnia; C, 
Chaetod^TM; D, Chiton; c, cerebral ganglia; I, I, lateral cords; pc, posterior 
commissure ; s, sublingual commissure or ring, ivith ganglia ; v, v, pedal cords. 
(After Hubrecht.) 

The simplest form of nervous system in the euthyneurous 
Gasteropoda occurs in the Opisthobranchiata. The cerebral, 
pleural, and pedal ganglia tend to become concentrated in a ring- 
like form, united by short commissures at the posterior end of 
the pharynx. The visceral loop is in some ceases long, and the 
two or three visceral ganglia are then situated at its posterior 
extremity. The nervous system of the Pulmonata is of a similar 
type, the visceral loop being often much shorter, and tending to 
draw in towards the central group of ganglia. The tentacular 
and optic nerves are, as usual, derived from the cerebral gang- 
lion, with which also the otocysts are probably connected by 
rather long nerves. A pair of buccal ganglia innervate the 
buccal mass, and are united by commissures with the right 
and left cerebral ganglia. The osphradial nerve springs from one 

^ trrfKTT^t, twisted ; straight. 

* With the exception of Adaeont whioli is streptoneurous (Bouvier, CompUs 
cxvi. p. 0fl). 
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of the gangHa on the visceral loop, the osphradimn itself 
being situated (in Zimnaea) immediately above the pulmonary 
orifice and adjacent to the anus (Fig. 102). This massing 
of the ganglia is still better illustrated by the accompanying 
figure of Phym (Fig. 103), in which the animal is represented as 
if transparent, so that the ganglia and nerves are seen through 
the tissues. 

Of the streptoneurous Gasteropoda, the nervous system of 

Fra. 102. — I. Nervous system of 
Limnaea atagndUs L. The 
oesophagus has been cut and 
pulled forwards through the 
nerve-collar, so as to expose 
the lower surface of the buccal 
mass (dissected by F. B. Stead). 
B.M, buccal mass. 

B.O, buccal, G.G, cerebral, Oi.O, 
osphradial, Pe.O, pedal 
ganglia. 

P1.Q, pleural ganglia. 

Op.N, optic, Ob.N, osphradial, 
T6.N, tentacular nerve. 

Ot, otocyst ; V.li, visceral loop. 
B, rectum, dotted in to show 
its position relative to the 
osphradium. 

IT. Right side of the head of Lim^ 
ntiea atagnalis. The over- 
hanging flap of the mantle has 
been cut in the middle line, 
and the right half twisted 
back, so as to expose the pul- 
monary orifice, etc. The points 
A A on the mantle edge were 
continuous before the mantle 
was cut ; the line BA is part 
of the free edge of the mantle. 

An, anu.s ; F, female genera- 
tive orifice ; J, portion of jaw ; 
M, male generative orifice under 
right tentacle ; Ob, osphradium ; 
P.0, pulmonary orifice. 

Fissv/rella and Haliotis shows distinct points of similarity to that 
of the Amphineura. The pedal nerves are united by transverse 
commissures throughout their entire length, while a double com- 
missure unites the cerebral ganglia to the mass from which the 
pedal nerves proceed. In the great majority of the Streptoneura 
the ganglia (except the visceral) are more concentrated and the 
commissures are consequently much shorter. The accompanying 
figure of Cyclostovm, in which the animal is represented as in that 
of Physa just described, illustrates this grouping of the ganglia, 
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the twist of the visceral loop, and the position of the visceral 
ganglion at its posterior end. 

Scaphopoda. — In the Scaphopoda the nervous STStem resem* 
hies that of the Pele(^poda. The cerebral and pleural ganglia lie 
close together, while the pedal gsuiglia are placed in the anteri<nr 
part of the foot, connected with the cerebral ganglia b^ long 



Pio. 108. — Nenrona aystem of Physa 
actUa Drap., showing the massing 
of the ganglia at the hinder end of 
the pharynx : e, e, eyes ; m, mouth ; 

mantle lappets ; o./, female 
generative orifice ; o.m, male gen- 
erative orifice ; os, osphradium. 
(After liacaze-Duthiers.) 



Fio. 104, — Example of a streptonenrons 
Gasteropod {Cydostoma eUgarts Drap.) ; 
c.p, c.p, cerebral ganglia ; «, «, eyes ; os, 
osphradium ; of, of, otocysts ; p.g, 
pedal ganglia ; pl,g, pl,g, pleural ganglia ; 
ap.g, supraintestinal ganglion ; s&.g, sub- 
intestinal ganglion ; tn, tentacle nerve ; 
v,g, visceial ganglion. (After Lacaze- 
Duthiers.) 


commissures ; the visceral loop is rather long, and the two vis- 
ceral ganglia are adjacent to the anus. 

Pelecypoda. — The nervous STstem in the Pelecypoda is the 
simplest type in which well-marked ganglionic centres occur. The 
ganglia are few, symmetrically placed, and are usually at a con- 
siderable distance apart. There are, as a rule, three distinct pairs 
of ganglia, the cerebral (cerebro-pleural), pedal, and visceral. The 
cerebral are formed by the fusion of the cerebral and pleural 
ganglia, which however, in some cases (Protobranchiata) continue 
distinct.^ They lie above or on each side of the mouth, united 
^ This fusion of tho cerebral and pleural ganglia and the consequent union of the 
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by a commissuie of varying length. Another pair of oom- 
miasures unites them with the pedal ganglia, which are placed 
at the base of the foot, and are usually veiy close together, 
sometimes (as in AnodoTUa) becoming partially fused. The 

length of these commissures de- 
pends upon the distance between 
mouth and foot; thus they are 
very long in Mya and Modiola, 
and very short in Fecten. In 
cases where the foot is rudimen- 
tary or becomes aborted through 
disuse (e.g. Ostrea), the pedal 
ganglia may dwindle or disappear 
altogether. The visceral ganglia 
are on the ventral side of the 
posterior adductor muscle, beneath 
the rectum, and innervate the 
branchiae, osphradia, and the 
whole of the visceral sac. A pair 
of cerebro - visceral commissures 

Pro. 106.— Nervous system of Peiecy- traverses the base of the foot, 
poda ; A, Teredo : A Anodonta ; , . . . . 

C, Pecten; a, a, cerebral ganglia; Surroundmg it With a COmpara- 

106 , c,vx'), while a long commis- 
sure, which ruus round the entire edge of the mantle, and sup- 
plies branching nerves to the mantle border and siphons (Fig. 
106 , c.v.c), may also connect the visceral and cerebral ganglia. 

Cephalopoda. — In the Cephalopoda the concentration of 

ganglia attains its maximum, and may perhaps be regarded as 
approaching the point at which a definite brain may be said to 
exist. Another point of distinction is the formation of special 
small ganglia upon the nerve cords in different parts of the body. 
In the Tetrabranchiata {Nautilus) the cerebral and pedal ganglia 
form a broad ring which surrounds the oesophagus, the former 
giving out the optic nerves, with their special optic ganglion, and 
a pair each of buccal and pharyngeal ganglia, the latter the 

nerves of the arms and funnel. The visceral loop is still present 
in the form of a separate band, which innervates the branchiae, 

cerebro-pedal and pleura- pedal commissuree can be recognised by sections of the mass 
(Pelsoneer, CmpUs JUndus, cxi. p. 245). 
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oephradia, and visoera generally, forming a special genital gang- 
lion in connection with the reproductive organs, llie principal 
gangUa of the Dibranchiata are still more concentrated, even 
the visceral loop being possibly united with the rest in forming 
an unbroken mass in which scarcely any trace of commissures 



Fio. 106. — Nervous system of Cardium edtUe L.: a.m, anterior adductor muscle ; br, 
branchiae; ftr.n, branchial nerve; c.g, c.g, cerebral ganglia; c.p,c, cerebro-pedal 
commissure ; c.v.c', cerebro- visceral commissure ; c.r.c, cerebro- visceral commissure 
of m^mtle ; labial palps ; m, mouth ; jn.^, pedad gauglion ; p.m, posterior adductor 
muscle ; v.g, visceral gangliou. (After Drost, x 3. ) 


can be detected. The pedal ganglion becomes separated into 
two portions, one of which innervate^} the arms, the other the 
funnel Two peculiar ganglia (the stellate ganglia) supply a 
number of branching nerves to tlie mantle. 
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THE DIGESTIVE OBGAHS, JAW, AND BADULA : EXOBETOBT OBGANS 

The digestive tract, or, as it is often termed, the alimentary 
or gut, is a very important feature of the MoUusca, It may be 
regarded as consisting of the following parts : (1) a nmJHh. or oral 
apertwe; (2) a throat or pharynx; (3) an oetophayuB, leading into 
(4) a stomach, (5) an intestine and rectvm, ending in (6) an 
anits. 

The primitive positions of mouth and anus were presumably 
at the anterior and posterior ends of the animal, as in the 
Amphineura and symmetrical MoUusca generaUy. But the 
modifications of original moUuscan symmetry, which have already 
been referred to (p. 154, compare pp. 245, 246), have resulted in 
the anus becoming, in the great majority of Gasteropoda, twisted 
forward, and occupying a position on some point in the right 
side in dextral, and in the left in sinistral species. 

The process of digestion, as the food passes from one end of 
the tract to the other, is performed by the aid of the secretions 
of various glands, which open into the aUmentary canal at 
different points in its course. The principal of these are the 
salimry glands, situated on the pharynx and oesophagus, wd 
the liver, hUiary or hepatic gland, connecting with the stomach. 
With these may be considered the and and ink-glands, which, in 
certain genera, connect with the terminal portion of the rectum. 

1. The mmth is generaUy, as in the common snaU and peri- 
winkle, placed on the lower part of the head, and may be either 
a mere aperture, circular or semicircular, in the head-mass, or, as 
is more usual, may be carried on a blunt snout (compare Fig. 6, 
p. 10, and Fig. 68, p. 159), which is capable of varying degrees 
d protrusion. From the retractUe snout has doubtless been 

VOL m p 
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derived the kng proboscis which is so prominent a feature of 
many genera (compare Figs. 1, B, and 99), and in some (e.g* 
Mitra, Dolivm) attains a length exceeding that of the whole 
body. As a rule, Mollusca provided with a proboscis are carniv- 
orous, while those whose mouth is on the sur&ce of the head 
are vegetable feeders, but this rule is by no means invariable. 
The mouth is thickened round the aperture into ' lips,' which are 
often extensile, and appear capable of closing upon and grasping 
the food. In the Pelecypoda the mouth is furnished, on each side, 
with a pair of special external lobes, the ' labial palps,’ which appear 
to be of a highly sensitive nature, and whose object it is to collect, 
and possibly to taste, the food before it passes into the mouth. 

2. The Pharynx, Jaws, and Badula, — Immediately behind the 
lips the mouth opens into the muscular throat, pharynx, or 
buccal mass. The pharynx of the Glossophora, i.6. of the 
Gasteropoda, Scaphopoda, and Cephalopoda, is distinguished from 
that of the Pelecypoda,^ by the possession of two very characteristic 
organs for the r^^sping or trituration of food before it reaches the 
oesophagus and stomach. These are (a) the jaw or jaws, and 
(6) the radvla^ odontophore, or lingual ribbon. The jaws bite 
the food, the radula tears it up small before it passes into the 
stomach to undergo digestion. The jaws are not set with teeth 
like our own ; roughly speaking, the best idea of the relations of 
the molluscan jaw and radula may be obtained by imagining our 
own teeth removed from our jaws and set in parallel rows along 
a greatly prolonged tongue.® 

In nearly all land Pulmonata the jaw is single, and is placed 
behind the upper lip. If a common Helix aspersa be observed 
crawling up the inside of a glass jar, or feeding on some succu- 
lent leaf, the position and action of the jaw can be readily dis- 
cerned. It shows very black when the creature opens its mouth, 
and under its operation the edge of a lettuce leaf shows a regular 
series of little curved indentations, in shape not unlike the semi- 

^ There is practically no pharynx in the Pelecypoda, the mouth opening directly 
into the oesophagus. 

^ Itadere, to scrape ; tooth ; to carry. 

* The meclianiam of the radula has been dealt with by Qeddes, Ttqisa, ZodU Soe, 
X. p. 485. Rucker has observed (Ber, Oberhess, Qesdl, NaJL, HeiUc, xxii p. 207) 
that the radula in Helix pormim is the product of five rows of cells ; the use of the 
first row is uncertain, the second forms the membrane of the nulula, while rows 
three to five originate the teeth. 
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cirottlor bites inflicted by a schoolboy upon his bread and batter. 
The jaw of Hdix (Fig. 107, B) is arched in shape, and is 
strengthened by a number of projecting vertical ribs. That of 
Lmax (A) is straighter, and is slightly striated, without vertical 
ribs. In Bvlimvlus (C) the arch of the jaw is very conspicuous, 
and the upper edges are always denticulated ; in OrthaUcut tlmre 
is a central trangular plate, with a number of overlapping plates 
on either side ; in Suecinea (£) there is a large square accessory 
plate above the jaw proper. The form of the jaw is peculiar not 



Pig. 107. — Jaws of 
various Pubnon- 
ata : A, Limax 
IffOffaUs Drap., 
Lancashire, x 16); 
B, Beltx (acutis- 
sima Lam., Ja- 
maica, X 15) ; C, 
Bteliniulus (de- 
pietus Reeve, 
Venezuela, x20): 
D, Achatina 
(/uZioa F^r. , Mau- 
ritius, X 7) ; E, 
Swsdnea (elegan$ 
Kiss., Aral Dis- 
trict, X 80) ; P, 
lAmnaea {stag- 
nalis L., Cam- 
bridge, X 30). 


only to the genus but to the species as well. Thus the jaw of 
H. cLspersa is specifically distinct from that of H. pomMia, and 
that of if. mmoralis is distinct from both. Wiegmann has 
observed^ that in young Avion, Zimax, and Ifelix, the jaw 
consists of two pieces, which coalesce by fusion in the adult, 
thus indicating a stage of development in advance of the double 
jaw which is found in most of the non-pulmonate Mollusca. In 
all fresh-water Pulmonata there are two small accessory side 
plates besides the jaw proper (Fig. 107, F). 

Nearly all the non-camivorous Prosobranchiata, land, fresh- 
water, and marine alike, are provided with two large lateral jaws. 

* Jahrb, DcuL Malak, Omil. iii. p. 193. 
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Many of th^ are sculptured with the most elaborate pattern, 
and appear to be furnished with raised teeth, like a file. In the 



Fio. 109. — Jaws! of A, ChrmMd&ris gracUia Iher., x 15 ; B, ScyUauta pdagica L., x 7; 
C, Plmrobranchus plumula Mont., x 10 ; D, Pleurobi^in^haiki Mededii x f. 

Kudibranchiata the jaws are of j/reat size and lieauty of orna* 
nientation (Fig. 109). 
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The carnivcttous genera, whether marine (ag. (k%m, 
BuMiTmm, Nam) or land (ag. Tmtaoella^ Qlaindiwi^ StreptaodSt 
Ennea), are entirely destitute of jaws, the reason probably being 
that in all these cases the teeth of the radula are sufficiently 
powerful to do the work of tearing up the food without the aid 
of a masticatory organ as well. Jaws are also wanting in the 
Heteropoda, and in many of the Kudibranchiata and Tecti- 
branchiata. 

In the Cephalopoda the jaws, or ' beaks/ as they are called, 
are most formidable weapons of attack. In shape they closely 
resemble the beaks of a parrot, but the hook on the dorsal side 
of the mouth does not, as in birds, close over the lower hook, 
but fits under it. Powerful muscles govern these mandibles, 
which must operate with immense effect upon their prey (Fig, 110), 

The Badvla?— When the food has passed beyond the opera- 

^ The whole of the radulae and jaws figured in this work are taken from the 
original specimens in the collection of the Rev. Prof. H. M. Gwatkin, who has 
always been ready to give me the run of his oabinets, which probably contain the 
finest series of radulae in the world. To his kindness I owe the following descrip- 
tion of the process of mounting : The first step is to obtain the radula. Dissection 
is easy in species of a reasonable size. On opening the head from above, so as to 
lay open the floor of the mouth, the radula itself is seen in most of the marioe 
species, though in others it is contained in a sort of proboscis ; and in the Pulmonata 
and others the student will find the buccal mass, with commonly a brown mandible 
at its front end, and the lingual ribbon in its hinder part The teeth may be recog- 
nised by their silvery whiteness, except in a few cases like Patella and Chiton, where 
they are of a deep brown colour. When obtained, the radula may be cleaned by 
boiling in a solution of caustic potash. There is no risk of injury if the solution is 
not too strong. 

** Smaller species may be treated more summarily. The probo^is, the buccal mass, 
or even the whole animal may be thrown into the potash splution and boiled till 
scarcely anything is left but the cleaned radula. Remains ,^f animals dried inside 
the shell may be similarly dealt with, after soaking in cl^n water. With a little 
care, this process will answer for shells down to the size oj Ancylus or Rissoa, The 
very smallest {Caryokivm, TomaUllina, Skenea, etc.) must be crushed on the slide 
and boiled on it, after removing as much as possib^ of the broken shell. The 
radula can then 1 m searched for under the microscope, and washed and mounted on 
the slide. 

**The student must be warned that though the general process is simple, there 
are difficulties in particular cases. In the Pulmonata, for example, membranes on 
both sides of the radula need careful removal. /Murex, PuTjnra, and most of the 
Taeniofflowi have the side teeth folded down ov^’ the central, so that the arrangement 
is not well seen till they have been brushed b^k. The Cones, again, have no basal 
membrane at<all, so that if the potash is not nsed with great care, the single teeth 
will fall asunder and be lost. Perhaps the Worst case is whei-e a large animal has 
a radula as small as that of a Biaooa like) TurrUdla, Harpa, or Mntihiolaria^ or 
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tion of the jaw, it comes within the province of the radula, the 
front part of which perhaps co-operates to a certain extent with 



Fig. 110. — Jaws of : A, in sitit 
within the buccal mass, several of 
the arms having been cut away ; 
B, removed from the mouth and 
slightly enlarged. 



Fig. 111 . — PcUdla wlgata L., show- 
ing the normal position of the 
radula, which is doubled back in 
a bow ; the shell has been re- 
moved, and the whole visceral 
mass is turned forward, exposing 
the dorsal surface of the muscular 
foot: gr^ longitudinal groove on 
this surface ; t, t, intestine ; 2, 
liver ; m, m, mantle edge ; 
muscles (cut through) fastening the 
visceral mass to the upper sides of 
the foot ; ov, ovary ; r, i^ula ; 
upper or dorsal surface of the foot. 


the jaw in performing the biting process. The function of the 

where the radula is almost iilmy in its transparency, like those of Actaeon and the 
small Scalwria. 

“When once the radula is laid out, the mounting is commonly easy. Canada 
balsam makes it too transparent. Fluids may be used, and are almost necessary for 
thick radulae like those of large Chitons; but the best general medium is glycerine 
jelly. It runs under the cover glass by capillary attraction, and may be boiled 
(though only for a moment) to get rid of air bubbles. It should then be left un- 
finished for several weeks. If cracks ap])ear, the reason is either that the jelly is a 
bad sample, or that it has been boi]e<l loo long, or (commonly) that the object is too 
thick ; and there is not often any difficulty in remounting. I have no wriotts Com- 
plaint of want of permanence against the medium, if I may speak from a pretty 
wide experience during the last twenty years.” 
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radula as a whole is to tear or scratch, not to bite ; the food 
passes over it and is carded small, the effect being very much the 
same as if, instead of dragging a harrow over the surface of a 
field, we were to turn the harrow points upwards, and then drag 
the field over the harrow. 

The radula itself is a band or ribbon of varying length and 
breadth, formed of chitin, generally almost transparent, some- 
times beautifully coloured, especially at the front end, with red 
or yellow.^ It lies enveloped in a kind of membrane, in the floor 
of the mouth and throat, being quite flat in the forward part, but 
usually curving up so as to line the sides of the throat farther 
back, and in some cases eventually forming almost a tube. The 
upper surface, t.c, the surface over which the food passes, is covered 
with teeth of the most varied shape, size, number, and disposition, 
which are almost invariably arranged in symmetrical rows. 
These teeth are attached to the cartilage on which they work by 
muscles which serve to erect or depress them ; probably also the 
radula as a whole can be given a forward or backward motion, so 
as to rasp or card the substances which pass over it. 

The teeth on the front part of the radula are often much 
worn (Fig. 112), and probably fall away by degrees, their place 
being taken by others successively pushed up from behind. At 
the extreme hinder end of the radula the teeth are in a nascent 
condition, and there are often as many as a dozen or more 
scarcely developed rows. Here, too, lie the cells from which the 
teeth are originally formed. 

The length and breadth of the radula vary greatly in different 
genera. In LittoriTia it is very narrow, and several times the 
length of the whole animal. It is kept coiled away like a 
watch-spring at the back of the throat, only a small proportion 
of the whole being in use. I have counted as many as 480 rows 
in the common Littorinob littorecu In Patella it is often longer 
than the shell itself, and if the radula of a large specimen be 
freshly extracted and drawn across the hand, the action of the 
hooks can be plainly felt. In Aerope, the Turbinidae generally, 
and Haliotis it is very large. In l^urritella^ Aporrhais, Uylichfba, 

^ The suhstanoe both of the jaw and radula is neither crystalline nor cellular, but 
laminated. Chitin is the substance which forms the ligament in bivalves, the 
‘pen* in certain Cephalopoda, and the operculum in many univalves. Keither 
silica nor keratins enter into the compcMiition of the radula. 
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Struthiolaria, aj^d the Cephalopoda it is small in proportion to 

the size of the animal In the Pul^ 
monata generally it is very broad, 
the length not exceeding, as a rule, 
thrice the breadth ; in most other 
groups the breadth is inconsidier* 
able, as compared to the length. 
The radula is wanting in two 
\ w ^Dailies of Prosobranchiata, the 
Eulimidae and Fyramidellidae, 
\ Jr / which are consequently grouped 

C. together as the section Gymno- 

glossa. It is probable that in 
these cases the radula has aborted 
through diuuuo. the Mumd. h..- 
Reeve, Panama), much worn by use. ing taken to a food which does not 

X 70 ° 

require trituration. Thus several 
genera contained in both these families are known to live para* 
sitically upon various animals — Holothurians, Echinoderms, etc. — 
nourishing themselves on the juices of their host. In some cases, 
the development of a special suctorial proboscis compensates for 
the loss of radula (see pp. 7 6-77). In Harpa there is no radula in 
the adult, though it is present in the young form. No explana- 
tion of this fact has yet been given. It is also absent in the 
Coralliophilidae, a family closely akin to Purpura, but invariably 
para^tic on corals, and probably nourished by their exudations. 
There is no radula in Entoconcha, an obscure form parasitic on 
the blood-vessels of Synapta, or in Neomenia, a genus of very low 
organisation, or in the Tethyidae, or sea-hares, or in one or two 
other genera of Nudibranchiat& 

The number'^of teeth in the radula varies greatly. When the 
teeth are very large, they are usually few in number, when small, 
they are very numerous. In the carnivorous forms, as a rule, the 
teeth are comparatively few and powerful, while in the phyto- 
phagous genera they are many and small Large hooked and 
sickle -shaped teeth, sometimes furnished with barbs like an 
arrow-head, and poison-glands, are characteristic of genera which 
feed on flesh ; vegetable feeders, on the contrary, have the teeth 
rounded, and blunter at the apex, or, if long and narrow, so 
slender as to be of comparatively little effect Genera which are 
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sonoAllf Tegetarian, but which will, upon oocaaian, eat fledi, e.g. 
Iiimtm and Syedinia, exhibit a form of teeth intcarmediate 
between these two extremes (see Fig. 140, A). 

In Oiuutoderma there is but one tooth. In Aedia emmata 
there are about 17, in A. papUloaa and Myvia viruUs about 19, 
in Oleaum aUanHcus about 21, in Fiona nobilit about 28. In 
the common whelk (Fueeinvm undatum) there are from 220 to 
250, in the common periwinkle about 3500. As many as 8343 
have been counted in Limnaea atagnalis, about 15,000 in Mdiae 
aayorm (that is, about 400,000 to the square inch), about 30,000 
in Limax maximua, and as many as 40,000 in Selix Ghiea- 
breghti, a large species from Mexico ; they are very numerous 
also in Nanina, Vitrina, Oadinia, and Aetaeon. But Vmbrdla 
stfmds far and away the first, as far as number of teeth is con- 
cerned. In both U. mediterranea and U. indiea they entirely 
baffle calculation, possibly 750,000 may be somewhere near the 
truth. 

The teeth on the radula are almost invariably disposed in 
a kind of pattern, exactly like the longitudinal rows of colour 
in a piece of ribbon, down the centre of which runs a narrow 
stripe, and every band of colour on one side is repeated in the 
same relative position on the other side. The middle tooth of 
each row — ^the rows being counted across the radula, not longi- 
tudinally — ^is called the eewiral or raehidian tooth; the teeth 
next adjacent on each side are known as the laierais, while the 
outermost are styled uncini or marginals. As a rule, the dis- 
tinction between the laterals and marginals is fairly well indi- 
cated, but in the Hehcidae and some of the Nudibranchiata it is 
not easy to perceive, and in these cases there is a very gradual 
passage fmn one set to the other. 

The central tooth is nearly always present. It is wanting in 
certain groups of Opisthobranchiata, some of the carnivorous 
Pulmonata, and in the Couidae and Terebridae, which have lost 
the laterals as well. Volrda has lost both laterals and marginals 
in most of the q)eoies, and the same is the case with Hcarjpa. In 
Atolia, Myaia, and some other Nudibranchiata the radula consuto 
of a single central row. Other peculiarities will be described 
below in thear proper order. 

The extreme importance of a study of the radula depends 
upon the fact, that in each species, and a fortiori in each genus 
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and family, tha radula is eharacteristic. In closely allied species 
the differences exhibited are naturally but slight, but in well- 
marked species the differences are considerable. The raduk, 
therefore, serves as a test for the distinction of genera and species. 
Por instance, in the four known recent genera of the family 
Strombidae, viz, Strombvs, Fteroceras, JRostellaria, and Terehdlum, 
the radula is of the same general type throughout, but with dis- 
tinct modifications for each genus ; and the same is true, though 
to a lesser extent, for all the species hitherto examined in each 
of the genera. These facts are true for all known genera, differ- 
ences of the radula corresponding to and emphasising those other 
differences which have caused genera to be constituted. The 
radula therefore forms a basis of classification, and it is found 
especially useful in this respect in dealing with the largest class 
of all, the Gasteropoda, and particularly with the chief section of 
this order, the Prosobranchiata, Thus we have — 


ProsobrancMata 


( Momtoeardia 


Diotocardia 


\a) Toxoglossa 
(b) Eachigloasa 
• (c) Taenioglosm 
(d) PUnoglosmi 
(fi) Gymrwglosta 
({f) I^pidoglossa 
\(^) Docoglossa ^ 


(fl) Toxoglossa, — Only three families, lerebridae, Conidae, and 
Cancellariidae, belong to this section. There is no central tooth, 
and no laterals, the radula consisting simply of large marginals 
on each side. In Conus these are of great size, with a blunt 
base which contains a poison-gland (see p. 66), the contents of 
which are carried to the point by a duct. The point is always 
singly and sometimes doubly barbed (Fig. 116). When extracted, 
the teeth resemble a small sheaf of arrows (Figs. 113,115). A re- 
markable form of radula, belonging to Spirotropis (a subgenus of 
Drillia, one of the Conidae), enables us to explain the true history 
of the radula in the Toxoglossa. Here there are five teeth in a 
row, a central tooth, and one lateral and one marginal on each 
side, the marginals being very similar in shape to the character- 
istic shafts of the Conidae (Fig. 114). It is evident, then, that 
the great mass of the Toxoglossa have lost both their central 


^ arrow ; ridge, sharp edge ; rcui^ia, nbbon ; frrrfpSs, winged ; yvftpbtt 
bare ; ptwlt^ fan ; beam. 
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aod liberal teeth, and that those which remain are tme ttncim 
or marginals. Sj^riitropii appears to be the solitary survival of 
a group retaining the primitive form of radula. 

The arrangement of teeth in all these sections is expressed 
a formula applicable to each transverse row of the series, 
llie central tooth, if present, is represented by 1, and the laterals 
and marginals, according to their number, on each side of the 



Fwt IIS.— Itedala of Sda, lurrieula Mont Flo. 115.— Eight teeth from the radula 
X 70. of Terebra caeruUscens Lam. x 60. 


central figure. Thus the typical formula of the Toxoglossa is 

1.0. 0.0.1, the middle 0 standing for the central tooth which is 
absent, and the 0 on each side of it for the absent laterals ] the 
1 on each extreme represents the one uncinus in eiich row. 
Thus the formula for Spirotropis, which has also one lateral on 
each side and a rachidian or central tooth, is 1.1.1. 1.1. Often 

Ih. brmd. ia gi™. to . ' “I;" '. wtore 30 <».d 42 

stand for the average number of rows of teeth in Conus and 
Spirotropis respectively ; the same is sometimes expressed thus : 

1.0. 0.0.1x30; 1.1.1.1.1x42. 
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(J) The Itachiglossa comprise the 12 families Olividae, Harpi- 
dae, Marginellidae, Yolutidae, Mitridae> Fasdolariidae, Turbirdl* 
lidae, Baccinidae, Kassidae, ColumbelUdae, Muricidae, and 



Fig. 116.— a tooth 
fh>m the radula 
of Conus imperi- 
ous L., S. Paciflc, 
X 50, showing 
barb and poison 
duct 



Flo. 117. — Portion of the radola of Mdongema 
vespertilio Lam., Ceylozu x ^0. 



Fig. 118.- -Portion of the radula of JSbuma japonica 
Sowb., China, x 30. 


FlO. 110. — Portion of the 
radula of Murex regius 
Lam., Panama. x60. 





CioraUiophilidae. Certainly moet and probably all of these 
families are or have been carnivorous, the Goralliophilidae being 
a degraded group which have become parasitic on corals, and 
have lost their teeth in consequence. The characteristics of the 
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graup Are the possession of a central toc^h with from erne emp 
(^reofumis) to about fourteen (JSullia), and a single lateral more 
or less cuspidate, the 
outer cusp of all being 
generally much the 
largest. Thus in Melon- 
gena req>ertilio(Fig. 117) 
the central tooth is tri- 
cuspid, the central cusp 
being the smallest, while 
the laterals are bicuspid ; 
in Eburna japonica (Fig. 

118) the central tooth is 5-cu8ped, the two outer cusps being much 
the smallest. The teeth, on the whole, are sharp and hooked, 



Pia. 121. — Three rows 
of teeth from the 
radula of Fouciolaria 
trapezium T^am. x 
40. 


with a broad base and formidable cutting edge. In the Olividae, 
Turricvla, Buccinopds, and the Muricidae the laterals are unicuspid 
and somewhat degraded (Fig. 119). In Mitra 
and the Fasciolariidae they are very broad and 
finely equally toothed like a comb (Figs. 120, 
121). The whole group is destitute of marginals. 

Several remarkable peculiarities occur. 
Marpa loses the radula altogether in the adult. 
In the young it has lost only the laterals, ai^d 
consists of nothing but the central tooth. 
Margiiidla has no laterals ; the central tooth 
Pio. 122.— Six teeth ig small and comb-shaped, with blunt cusps. 

In Vol%ta the laterals are generally lost, but 
tarn., Tonw Strait, in Volutomitra and one species of Vduta^ 

X 25 * 

they are retained. The central tooth usually 
has three strong cusps, and is very tiiick and coloured a deep red 

^ F, conQiniia, according to Sohseko (C5wk^. MUth, i. p. 126) PI. xxiv. f. 5) ; 
lateral is large, stremg, unicuspid on a brosd Itase. 
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or orange (Fig. 122); in the subgenus Amoria it is unicuqnd, 
in shape rather like a spear- head with broadened win^; in 

Volutolyria it is of a different 
t 3 rpe, with numerous unequal den- 
ticulations, something like the 
laterals of Mitra or FoadolarivL. 
Of the Mitridae, CyliindromitTa 
has lost the laterala Among the 
Buccinidae, Butccinopm possesses 
a curiously degraded radula^ the 
central tooth having no cusps, but 
being reduced to a thin basal 
plate, while the laterals are also 
weakened. Tnis degradation from 
the type is a remarkable feature 
among radulae, and appears to be 
ch 6 kracteristic, sometimes of a whole 
family, e.g. the Columbellidae (Fig. 
Fig. 123. —Examplea of degraded forms 123, B), sometimes of a genuS, 

of > 1«oi“ 

A', same radula, central and front ThuS in CantJiaTUS (a SubgenUS of 
portion : B, varta Sowb., 7 > \ i i i - 

50 Buccinum) the radula is typical in 

the great majority of species, but in 
C.pcLgodus Eeeve, a large and well-grown species, it is most remark- 
ably degraded, both in the central and lateral teeth (Fig. 123, A). 
This circumstance is the more singular since C, pagodvs lives at 
Panama side by side with C, ringeus and C. insignis, both of which 




Fio. 124. — Three rows of the radula of Sutrum spectrum Reeve, Tonga, x 80. 
The laterals to the right are not drawn in. 


have perfectly typical radulae. It is probable that the nacure of 
the food has something to do with the phenomenon. Thus SUtrvm 
speetrum Beeve was found to possess a very aberrant radula, nd; of 
the common muricoid type, but with very long reed-like laterals. 
This singularity was a standing puzzle to the present writer. 
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until he was fortunate enough to discover that S. qminm, 
unlike aU other species of Sia^wn, Uves exclusively on a tuanch- 
ing coiaL 

Tjbe dental formula for the Baehiglosaa is thus 1.1.1, exo^t 
in those cases where the laterals are absent, when it is 0.1.0. 

(r) The Taeniogloam comprise 46 families in all, of which the 
most important are Tritonidae, Cassididae, Cypraeidae, Strmn- 
bidae, Cerithiidae, Turritellidae, Melaniic^, littorinidae, 
Bissoidae, Paludinidae, AmpuUariidae, Cyclophoridae, Cydostoma- 


Pio. 125, — Portion of the radula of Coiaia aulcoaa Bom., x 40. The marginals 
to the right are not fully drawn. 

tidae, and Naticidae. The radula is characterised by a central 
tooth of very variable form, the prevailing type being multi- 
cuspid, the central cusp the largest, on a Hither broad base ; a 
single lateral, which is often a broad plate, more or less cusped, 
and two uncini, rather narrow, with single hooks* or slightly 



Fig. 126. — Four rows of teeth 
from the radula of Varmaiua 
grandia Gray, Andamans. 
x40. 


cusped The accompanying figures of Cassis, Vermetm, and 
Cyprasa, and those of Littorina and Cyclophorua given on pp. 
20, 21, are good examples of typical taenioglossate radulae. 

In Homcdogyra the radula is much degraded, the central 
tooth is large and triangular on a broad base, the lateral is 
represented only by a thin oblong plate, and the uncini are 
absent In some species of Jeffreysia the uncini are said to l)e 
absent, while present in others. Lamellaria lias lost both its 
uncini, but the radula of the allied Vdutincb is quite typical. A 
jiecnliar feature in this group is the tendency of the marginals 
to increase in number. A stage in this direction is jierhaps seen 
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in Owla, FedU'daHa, and the CyclostomaiidcLe. Here the outer- 
most of the two marginals is by far the larger and broader, and 
is strongly pectinated on its upper edge ; in the CyclestofnMidM 



the pectinations are rather superficial; in Ovula (where both 
marginals are pectinated) they are decidedly deeper ; in Pedicv^ 
laria they are deeper still, and make long slits in the tooth, 
tending to subdivide it altogether. In Turritella the number of 
marginals is said to vary from none (in acicvla) to three {T, 
triplicata), but the fact wants confirmation. Solarium is an 
aberrant form, possessing simply a number of long uncini, which 
recall those of Conus or Pleurotoma, and is therefore hard to 
classify; the allied Torinia has a radula which appears allied 
to Ovvia or Pedicuiaria. In Triforis the teeth are identical 
throughout, very small, about 27 in a row, tricuspid on a square 
base, cusps short. 

The normal formula of the Taenioglossa is 2.1.1. 1.2 ; in 
Lamellaria, 1.1.1 ; in Triforis, 13.1.13, or thereabouts. 

(d) Ptenoglossa, — This 
section consists of two 
families only, which cer- 
tainly appear remarkably 
dissimilar in general habits 
and appearance, viz., the 
lanthinidae and Soalarii- 
dae. In all probability 
their approximation is 
only provisional. The 
radula, wiiich in lanthina 
is very large, and in 
Scalaria very small, possesses an indefinite number of long hooked 



Fzo. 128. — Portion of the radnla of lanthina 
ammtmiB Lun. x 40. 
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teeth, of Trhieh the outomost are the largest. The central 
tooth, if present (it does not occur in lantkina), is the smaltest 
in the series, and thus recalls the arrangement in some of the 
carnivorous PtUmonaia (p. 232). In lanthitui the radula is 
formed of two large divisions, with a gap between them down 
the middle. 

The formula is oo.l.oo or oo.O.oo according as the central 
tooth in Sealaria is or is not reckoned to exist 

(«) Oymnoglosaa . — In the absence of both jaw and radula it is 
not easj to classify the two families (Eulimidae and Pyrami- 
dellidae) which are grouped under this section. Fischer regards 
them as modified Ptenoglossa ; one would think it more natural 
to aj^roximate them to the Taenioglossa. 



Fio. 129.- '-Portion of the radula of Margarita umbiliealis Brod.» Labrador. 
X 75 and 300. 


(/) RhipidoglosscL , — This section consists of seventeen families, 
the most important being the Helicinidae, Neritidae, Turbinidae, 
Trochidae, Haliotidae, Pleurotomariidae, and Fissurellidae. The 
radula is characterised hj — 

(1) The extraordinary development of the uncini, of whicli 
there are so many that they are always reckoned as indefinitely 
numerous. They are long, narrow, hooked, and often cusped at 
the top, and crowded together like tlie ribs of a fan, tliose at the 
extreme edge not l)eing set straight in the row, but curving 
away backwards as they iKHiiome smaller; in StyhrirUn alone, 
where there are from five t<i ten, can they Iwj counted. 

(2) The varying number of the laterals. Tlai average 

VOL. in Q 
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number of these is five on each side; in some cases {Livom) 
there are as many as nine, in some (Neritopsis) only three. The 
lateral next to the uncini (which is specially large in the 
Neritidae, and is then known as the capittdiform tooth) is 
regarded by some authorities as the first uncinus, by others as 
the sole representative of the laterals, the teeth on the inner 
side of it being reckoned as multiplied central teeth. Accord- 
ing to this latter view, Zivona will have as many as seventeen 
central teeth. Taking five as the average number of * laterals/ 
we shall have the following different ways of constituting the 
rhipidoglossate formula, the first being that to which preference 
is given, viz. : — 

(1) 00.5.1.5.00 , i.e, one central, five laterals, including 
the ‘ last lateral ’ tooth. 

(2) ( 00 . 1 ). 4.1.4. ( 1.00 ), regarding the ‘last lateral’ as first 
uncinus, but specialising it by a numl)er. 

(3) 00.1, (4.1.4). 1.00 , regarding the ‘ last lateral * as the only 
lateral. 

In the Neritidae and the derived fresh-water genera (Neritina, 
Navicella) the first lateral, as well as the capituliform tooth, is 



Fio. 180. — Portion of the radula of Nerita allriciUii L., Andaman la., with central tooth 
highly magnified : c, c, the capitulifonn tooth, x 40. 

very large, and in shape rather like the blade bone of a shoulder 
of mutton ; the intervening laterals are very small. In 
Neritopsis (a degraded form) the central tooth and first lateiul 
are entirely wanting. In tlie neritiforiu laud-shells {Helicina, 
Pfourpina) the first lateral is no larger than the others, while 
the caj)itnliforni tootli is enormous. Hydrocena is a very 
alierrant and ajipircntly degraded form; the late.rals between tlie 
first and tlie capituliform tooth are all wanting. In Htdioth, 
Scissvrdhiy and HeMTOkmaria tlie five laterals are of fairly equal 
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si^e; in MssiireUa we again meet with a large capitnlifom 
toothy with very small laterals. 

(ff) The Docofflosm are in direct contrast with the Bhipido- 
glossa in possessing few and strong teeth, instead of many and 
weak. There are only three families, Acmaeidae, Patellidae, 
and Lepetidae. In some of the Acmae- 
idae there are not more than two 
teeth in a row, while in no species are 
there more than twelve. The radula 
is, however, very long; there are as 
many as 180 rows in Patella vidgata. 

The teeth are thick, generally of a 
very deep red horn colour, rather 
opaque. The cartilage in which they 
are set is remarkably thick, and in 
some species whose teeth are very fio. isi.-— Portion cf th« radula 
few a considerable portion of this car- 
tilage is left quite bare. 

Although the teeth are so few, the arrangement is by no 
means simple. The special feature of the group is the multipli- 
cation of identical centrals. Of these there are two in Aemaea, 
and four, as a rule, in Patella, Thus in these two genera there is 
seldom an absolutely centred tooth. Either laterals or marginals 
are liable to be lost, but there are never more than two of either 
in Acmnea, and never more than two laterals and three marginals 
in Patella. Thus the formula varies from 0.0.(1 + 0-1- 1).0.0 in 





Pig. 132. — Two rows of 
iliti radula of Ptero^ 
trachea muUca Les., 
Naples, X 60. 


Peetimdonta, 2.2.(1 -|- 0 + 1).2.2 in CoUiseUina (both Acmaei- 
dae), to 3.2.(1 -|- 0 -|- 1).2.3 in Patinella, and 3.1.(2 + 0 + 2).1.3 
in Patella proper. In the Lepetidae there is an absolutely 
central tooth, which ap^ieurs to be made np of the coalescence of 
several teeth, no laterals, and about two marginals; formula, 
2.O.I.O.2. 



228 RADULA OF HETEROPODA AND AMPHINEURA 


CHAf. 


The. radula of the Hettropoda is quite characteristic, and 
shows no sign of affinity with any other Prosobranchiate* The 
central tooth is large, broad, tricuspid, and denticulated on a 
broad base; the single lateral is strong, often bicuspid; the 
two marginals simple, long, falciform ; formula, 2. 1.1. 1.2 
(Fig. 132). 

AmphinenPa. — (a) Polyplacophora . — The radula of the 
Chitonidae is quite unique. It resembles that of the Docoglo9$a 
in being very long, and composed of thick and dark horn- 
coloured teeth. The number of teeth, however, is considerably 



Flo. 133 . — At Portion of the radula of Chiton {Acanthopleum) apiniger Sowb., Anda- 
mans, X 30 ; B, portion of the radula of DefiUalivm tntalis L., (^yde, x 50. 

greater, amounting almost invariably to seventeen in each row. 
There are three rather small central teeth, the two outer of these 
being similar ; next comes a very large lateral (the ?n^*or lateral), 
usually tricuspid, which is followed by two much smaller laterals, 
which are scarcely more than accessory plates ; then a very large 
and arched marginal (the major uncinus), at the outer side of 
which are three accessory plates. Some consider there is only 
one central tooth, and count the two small teeth on each side of 
it as laterals. 

Thus the formula is either (3 -h 1) . (2 -f- 1) .3. (1 2) . (1 + 3) 

or (3+l).(2+l + l).l.(l + l + 2).(l-h3). 

(&) Aplacvphora . — Of this rather obscure order, Ckaeiodtrma 
has a single strong ceiitml tooth, Neowenia lias no radula. 
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J^'oneomenia and Lepidomenia Imve about twenty falciform 
teeth^ much larger at one end of the radula than the other ; 
formula, 0.1.0, 

Opistliobnsicliia^ — The radula of the Opisthobranchiata 
is exceedingly variable in shape, size, and number and character 
of teeth. Not only do allied families differ greatly from one 
another, but allied genera often possess radulae widely distinct 



in plan. Thus, among the Polyceridae, Goniodoris has no central 
tooth, one large lateral and one marginal (form. l.l.O.l.l); 
DoridunctUtis the same, with five marginals (form. 5.1.0.1.5); 
Lamellidoris one each of median, laterals and marginals 
(1.1. 1.1.1) ; Idcdia, Ancvia, and Thecacera the same as Goniodoris ; 
Orimora several each of laterals and marginals. Even species of 
the same genus may differ ; thus the formula for Aeolis papillosa 
is 0.1.0, but for Ae, Landshergi 1.1.1 ; for Fhiline aperta 1.0.1, 
but for Philine pruinosa 6.0.6. 

It must not be forgotten, however, that a simple repetition of 
the same tooth, whether lateral or marginal, does not necessarily 
constitute an important characteristic, nor does the presence or 
absence of a central tooth. In most of the cases mentioned above, 
the difference in the number of laterals and marginals is due to 
the multiplication of identical forms, while the central tooth, when 
present, is often a mere plate or narrow block without cusps, 
whose presence or absence makes little difference to the character 
of the radula as a whole. 

There appear to be three well-marked tjrpes of radula among 
the Opisthobranchiata. 

(a) Xtadula with a single strong central tooth, rows few. 
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This form is characteristic of the Aeolididae, Fionidae, Glaucidtie, 
Dotoidae, Hermaeidae, Elysiidae (Fig. 135), and limapontiidae. 
In the Aeolididae it is sometimes accompanied by a single 
lateral The same type occurs in Oxynoe, and in Lohig^ (» 
Lophoeercwi), 

(b) Badula with the first lateral very strongly developed. 
This type may take the form of (1) a single lateral, no central or 
marginals, e.g. Onchidoris, Scaphander (Fig. 137, A) Philine 
(certain species), Ringicvla, or (2) first lateral strongly developed, 
and repeated in succeeding laterals (2-6) on^a smaller scale, e.g. 
Philine (certain species). A few marginals are sometimes added, 




Fia 185. — ^Radula of Elyaia 
vvridia Mont, x 40. ^pe 
(a). 


Flo. 136. — Portion of tte radula 
of Sowb., 

Chili. X 260. Type (c). 


e.g. in Polycera, Lamellidoris (where there is a degraded central 
tooth, Fig. 137, B), Idalia, and Ancvla, 

{c) Badula with an indefinite number of marginals, laterals 
(if present) merging into marginals, central tooth present or 
absent, inconspicuous, teeth all very small. This type of radula, 
among the Nudibranchiata, is characteristic of certain subgenera 
of Doris (e.g. Chromodoris, Aphelodoris, Casella, Centrodoris), of 
SypohraTwhiaea and Pleurophyllidia ; among the Tectibranchiata, 
of Actaeon, many of the Bullidae, Aplustrum, the Aplysiidae, 
Pleurohranchus, Umbrella and Gadinia (Figs. 136 and 137, C). 

In the Pteropoda there are two types of radula. The Gymno- 
somata, which are in the main carnivorous, possess a radula with a 
varying number (4-12) of sickle-shaped marginals, central tooth 
present or absent. In the Thecosomata, which feed on a vegetable 
diet, there are never more than three teeth, a central and a 
marginal on each side ; teeth more or less cusped on a scpiare Ijase. 
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Pnlmonata- — ^The radula of the Testaoellidae, or carnivorous 
land MoUusca, is large, and consists of strong sickle-shaped teeth 
with very sharp points, arranged in rows with or without a 
central tooth, in such a way that the largest teeth are often on 
the outside, and the smallest on the inside of the row (as in 
Rhytida, Fig. 139). The number and size of the teeth vary. 
In Testaeella and Olamdina, they are numerous, consisting of 
from 30 to 70 in a row, with about 50 rows, the size through- 
out being fairly uniform. In Aerope they are exceedingly large. 



Fio. 187. — PortionAof tbendula 
of Opisthobranchiata, illus- 
trating t;7pes (6) and (c) ; A, 
Soaphandir lignariua L. ; A'» 
one of the teeth seen 
the other side, x 40 ; B, 
Lamdlidoriit hUamellata L., 
Torbay, x 60 ; C, HydtUvm 
p^ysia L. , £. Indies, x 75. 


and only eight in a row, the outermost marginal being probably 
the largest single tooth in the whole of the Mollusca. The 
central tooth is always obscure, being, when present, simply a 
weaker form of the weakest lateral ; in genera with only a few 
teeth in a row it is generally absent altogether. 

The first family of jaw-bearing snails, the Selenitidae, is 
distinctly intermediate. The possession of a jaw relates it to 
the mn-in body of Helicidae, but the jaw is not strong, while the 
teeth are still, with the exception of the central, thoroughly 
Testacellidan. The central tooth is quite rudimentary, but it is 
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something more than a mere weak reproduction of the maiginalA 
There are no true laterala The lamacidae show a farther stage 
in the transiticBi. Here the central tooth has a definite shape of 
its own, tricuspid on a broad base, which is more or less repeated 
in the first laterals; these, as they approach the marginals, 


Pio. 188. — Portion 
of the radnla of 
Olandina trun- 
eaia Qmel. x 40. 


gradually change in form, until the outer marginals are again 
thoroughly Testacellidan.^ This is the general form of radula, 
varied more or less in different genera, which occurs in Nanina, 
Helicarion, Umax, Parmacdla, and all the subgenera of Zonites. 
It is certain that some, and probable that all of these genera will, 




Fig. 139. — Portion 
of the radnla of 
Bh'iftidaKmuMii 
Pfr., a Africa. 
x25. 


on occasion, eat flesh, although their usual food appears to be 
vegetabla The jaw is more powerful than in the Selenitidae, but 
never so large or so strongly ribbed as in Hdix proper. 

When we reach the Helicidae, we arrive at a type of radula 

^ In some cases (e.g. Hyalinia inorwUa) the laterals are vary" few, while in ZmiUe$ 
laamga/tm the first side tooth is more of a marginal than a lateral. 
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ia which the aculeate form of tooth — so characteristic of the 
Agoatha — disappeare even in the marginalB, and ia rq^thoed hy 
teeth with a more or less quadrate base ; the laterals, which are 
always present, are intermediate in form between the central and 
the marginals, and insensibly pass into the latter. In sise and 
number of cusps the first few laterals resemble the central tooth ; 
in the extreme marginals the cusps often become irregular oar 
evanescent. As a rule, the teeth are set squarely in the rows, 
with the exception of the extreme marginals, whi(^ tend to sk^ 
away on either side. In some Helicidae there is a slight approxi- 
mation to the Zonitidae in the elongation of the first margixuls. 

The above is the type of radula occurring in the great fiunily 
Helicidae, which includes not only Hdix proper, with several 
thousand species, but also Arion, Bvlimus, ArioUmm, and other 
genera. The jaw is almost always strongly transversely ribbed. 

In the Orthalietdae (Fig. 140, C) the teeth of the radula, 
instead of being in straight rows, slope back at an angle of about 
45 degrees from the central tooth. The central and laterals are 
very similar, with an obtuse cusp on rather a long stem ; the 
marginals become bicuspid. 

In the Bvlimvlidae, which include the important genera 
PlcKOdyltts, Amphidromus, Partvla, Amphibvlimus, and all the 
groups of South American Btdimidus, the jaw is very char- 
acteristic, being thin, arched, and denticulated at the edges, as if 
formed of numerous narrow folds overlapping one another. The 
radula is like that of the Helicidae, but the inner cusp of the laterals 
is usually lengthened and incurved. In Partvla, the separation 
between laterals and nuuginals is very strongly marked. 

The remaining families of Pulmonata must be more briefly 
described. In the Cylindrdlidae there are three distinct types of 
radula: (a) Central tooth a narrow plate, laterals all very 
curiously incurved with a blunt cusp, no marginals (Fig. 140, D); 

(5) radula long and narrow, central tooth as in (a), two laterals, 
and about eight small marginals ; (c) much more helicidan in type, 
central and laterals obtusely unicuspid, marginals quite heli- 
cidan. Type (c) is restricted to Central America, types (a) and 

(6) are West Indian. 

jhtpidae : Badula long and naurow ; teeth of the heliddmi 
type, centrals and laterals tricuspid on a quadrate base, marginals 
very small, cusps irregular and evanescent. This type includes 
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Anosioma, Odoniostomm^ Buliminus^ Vertigo^ Strophia, Holospira^ 
Clamilia, and Balm, 

Stewgyridas, including Achatirva, SUnogyra, and all its sub- 
genera : Central tooth small and narrow, laterals much larger^ 
tricuspid, central cusp long, marginals similar, but smaller. 

Achatindlidae : Two types occur ; (a) teeth in very oblique 
rows, central, laterals, and marginals all of the same type, base 
narrow, head rather broad, with numerous small denticles 
{Achatinella proper, with Auriculella and Toriuitdliwi^ Fig, 



Fio. 140. — Portions of the r&dula of A, Hyalinia nitidvla Drap., Yorkshire, with central 
tooth, first lateral, and a marginal very highly niagnitied ; B, Helix potnatia L , 
Kent, showing central tooth, laterals, and one extreme marginal, the two former 
also highly magnified ; G, Orthalicus undatus Brug., Trinid^, with three laterals 
highly magnified ; D, Cylindrella rosea Pfr., Jamaica, central tooth and laterals, 
the same very highly magnified ; E, Achatinella wipina Fer., Oahu, central tooth 
(c) and laterals, the same highly magnified. 

140, E); (6) central tooth small and narrow, laterals bicuspid, 
marginals as in Helix (Amaslra and Carelia). 

Succineidae : Central and laterals helicidan, hi- or tricuspid on 
a quadrate plate, marginals denticulate on a narrow base ; jaw 
with an accessory oblong plate. 

Janellidae : Central tooth very small, laterals and marginals 
like Aehatinellidae {a), 

Vaginvlidae : Central, laterals, and marginals unicuspid 
throughout, on same plan. 

Omdiidiidae : Bows oblique at the ceittre, straiglit near the 
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edges; central strongs tricuspid; Ititerals and uiargiiials very 
long, falcifom, arched, unicuspid. 

Awic'ulidae : Teeth very small ; central narrow, tricuspid on 
rather a broad base ; laterals and marginals obscurely tricuspid on 
a base like Sticcinea. 

Limnaeidac: Jaw composed of one upper and two lateral 
pieces ; central and lateral teeth resembling those of Helicidae ; 
maiginals much pectinated and serriform (Fig. 141. A). In 



Fio. 141. — Portions of the mdnla of 
A, Limnaea atagnalia L., with the 
central tooth and two tirst laterals, 
and two of the marginals, very 
highly magniSed ; A Ancylua 
JtuvUUilis Mull,, with two of the 
marginals very highly ma^ified; 
C, Phyaa fmiiwjXia L. , with cen- 
tral tooth and two of the marginals 
very highly inagnitied. 


Ancylus proper the teeth are of a very different type, base 
narrow, head rather blunt, with no sharp cusps, teeth similar 
throughout, except that the marginals become somewhat pec- 
tinated (Fig, 141, B); another type more resembles Limwita, 
PhyBidae: Jaw simple, but with a fibrous growth at its 
upper edge, which may represent an accessory plate ; radula 
with very oblique rows, centnil tooth denticulate, laterals and 


236 RADULA OF SCAPHOPODA AND CEPHALOPODA CKAIP^ 


nuurginals semform, camb-like» with a wiag-like appendage at 
the superior outer edge (Fig. 141, C). 

ChUinidae : Central tooth« small, cusped on an excavated tri-^ 
angular base, marginals five-^usped, with a projection as in 
Physa, laterals oomb-like, serrations not deep. 

Amphiholidae : Central tooth five-cusped on a broad base, 
central cusp very large ; two laterals only, the first very small, 
thorn-like, the second like the central tooth, but three-cusped ; 
laterals simple, sabre-shaped. 

Scajdiopoda. — In the single family {DenUaliidae) the radula is 
large, and quite unlike that of any other group. The central 
tooth is a simple broad plate ; the single lateral is strong, arched, 
and slightly cusped ; the marginal a very large quadrangular plate, 
quite simple; formula, 1.1.1. 1.1 (Fig. 133, B). 

Cephalopoda. — The radula of the Cephalopoda presents no 
special feature of interest. Perhaps the most remarkable fact about 
it is its singular uniformity of structure throughout a large number 
of genera. It is always very small, aa compared with the size of 
the animal, most of the work being done by the powerful jaws, 
while the digestive powers of the stomach are very considerable. 

The general type of structure is a central tooth, a very few 
laterals, and an occasional marginal or two ; teeth of very uniform 
size and shape throughout. In the Dibranchiata, marginals are 
entirely absent, their place being always taken, in the Octopoda, 
by an accessory plate of varying shape and size. This plate 
is generally absent in the Decapoda. The central tooth is, in 
the Octopoda, very strong and characteristic; in Eledom and 
Octopus it is five-cusped, central cusp strong; in Argonauta 
unicuspid, in Trernoctopus tricuspid. The laterals are always 

three in numljer, the in- 
nermost lateral having a 
tendency to assume the 
form of the central. In 
Sepia the two inner laterals 
are exact reproductions of 
the central tooth ; in Me- 
doncy Sepiola, Loligo, and 
Sepia, the third lateral is falciform and much the largest. 

In NautUus, the only living representative of the Tetra- 
branchiata, there arc*, two^sickle-shaped marginals on each side. 
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«Msh of which has a small aocessorj {date at the base. The two 
ktmak aod the central tooth are small, very similar to one 
another, muicuspid on a sqaaie basa 

Salivary glands are found in most Gloesophora. They occur in 
one or two pairs on each side of the pharynx and oesophagus, the 
duct usually leadii^g forwards and opening into the antmior part 
of the pharynx (see Figa 143, 144). They are exceptionally 
large in the canuTorouB Gasteropoda. In certain genera, e.g. 
Mvrsa, Ddiv/m, Cassu, Plmrobranehus, the secretions of these 
glands are foimd to contain a considerable proportion (sometimes 
as much as 4*25 per cent) of free sulphuric acid. This fact was 



Fio. 148. — Alimentary canal of Hdix aaperta L. ; a, anus ; bM, b.it, right and left 
biliary duets ; b.m, buccal mass ; e, crop ; h.g, hermaphrodite gland ; i, mteethie ; 

opening of same fktnn stomach (pyloric orifice) ; I, right and 1^ lobes of 
liver ; m, month ; oe, oesophagns ; r, rectum ; ad, salivary dnct ; c.p, salivary 
gland ; stomach ; f, left tentacle. (After Howes and Marshall, slightly 
modifl^.) 

first poticed by Troschel, who, while handling a Doliwm gcdea at 
Messina, saw the creature spit a jet of saliva upon a marble slab, 
which immediately produced a brisk effervescence. A number 
of the genera thus provided bore through the shells of other 
Mollusca and of Echinoderms, to prey upon their soft tissues, and 
it is possible that the acid assists in the piercing of the shell by 
converting the hard carbonate of lime into sulphate of lime, 
which can easily be removed by the action of the radula.^ In 
the majority of the Cephalopoda there are two pairs of salivary 
glands, one lying on each side of the mouth, the other on the 
middle of the oesophagus. 

3, The Oeaophag'UK — ^Tliat pirt of the alimentary canal which 
‘ Semou, Qmiraibl, ix. p., 80. 
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lieB between the pharynx and the stomach (in Pelecypoda 
between the mouth and stomach) is known as the oesophagus. 
Its exact limits are not easy to define, since in many cases the 
tube widens so gradually, while the muscular structure of its walls 
changes so slowly that it is difficult to say where oesophagus 
ends and stomach begina As a rule, the oesophagus is fairly 



Fig. 144. — Alimentary canal, etc., 
of Sepia officinalis L. : a, 
anu$ ; 6.d, one ol the biliary 
ducts ; 6.m, buccal mass ; c, 
coecum ; ink-sac ; t.cf, duct 
of same ; jaws ; l.l, lobes 
of the liver ; oe, oesophagus ; 
JO, pancreatic coeca ; r, rec- 
tum ; s.fft salivary glands ; a/, 
atom ach . ( Fro m a specimen in 
the British Museum. ) 
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Fro. 145. —Gizzard of Scaphander 
lignarius L. : A, showing posi- 
tion with regard to oesophagus 
(oe) and intestine (»), the latter 
being full of comminuted frag- 
ments of food ; left plate ; p\ 
right plate ; p^ac^ accessory 
plate ; A the plates as seen from 
the front, with the enveloping 
membranes removed, lettering 
as in A. Natural size. 



Melongena, showing the gastric plates 
{g,Pf g.p,) for the trituration of food ; 
b.df biliary duct ; g.g, genital gland ; 
t, intestine ; Z, liver ; os, oesophagus ; 
stf stomach. (After Vaustone.) 


simple in structure, and consists of a straight and narrow tube. 
In the Pulmoiiata and Opisthobranchiata it often widens out 
into a " crop,* which appears to serve the purpose of retaining a 
quantity of masticated food before it passes on to the stomach. 
In Ovtopm and Patella the crop takes the fonu of a lobular 
coecum. In the carnivorous Mullusca the oesophagus Ikk^jiucs 
complicated by the existence of a varying number of glands, by 
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the action of which digestion appears to begin in some cases 
befme the food reaches the stomach proper. 

4. The Stomach. — ^At the posterior end of the oesophagus lies 
the muscular pouch known as the stomachy in which the digestion 
of the food is principally performed. This organ may be, as in 
LiTtiax, no more than a dilatation of the alimentary canal, or it may, 
as is usually the case, take the form of a well-marked bag or pocket. 
The two orifices of the stomach are not always situated at opposite 
ends ; when the stomach itself is a simple enlargement of the wall 
of one side of the alimentary canal, the cardiac or entering orifice 
often becomes approximated to the orifice of exit (pyloric orifice). 

The walls of the stomach itself are usually thickened and 
strengthened by constrictor muscles. In some Nudibranchs 
{Scyllfiea, Bormlla) they are lined on the inside with chitinous 
teeth. In Cyclostoma, and some Bithynia, Stromlm, and Trochae 
there is a free chitinous stylet within the stomach.^ In Melon-* 
gena (Fig. 146) the posterior end of the oesophagus is provided 
with a number of hard plate-like ridges, while the stomach is 
lined with a double row of cuticular knobs, which are movable 
on their bases of attachment, and serve the purpose of triturating 
food.® Aplysia has several hard plates, set with knobs and spines, 
and similar organs occur in the Pteropoda. But the most formid- 
able organ for the crushing of food is possessed by the Bullidae, 
and particularly by Scaphander (Fig. 146). Here there is a 
strong gizzard, consisting of several plates connected by powerful 
cartilages, which crush the shells, which are swallowed whole. 

Into the stomach, or into the adjacent portions of the digestive 
tract, open the ducts which connect with the so-called liver. 
The functions of this important organ have not yet been 
thoroughly worked out. The liver is a lobe-shaped gland of a 
brown-gray or light red colour, which in the spirally -shelled 
families usually occupies the greater part of the spira In the 
Cephalopoda, the two ducts of the liver are covered by append- 
ages which are usually known as the pancreatic coeca ; the biliary 
duct, instead of leading directly into the stomach, passes into a 
very large coecum (see Fig. 144) or expansion of the same, 

* Acoonliiig to Moquiu-Tandon {Moll, de F?mi 06 , i. p. 44) this process in 

is attached by one end to the wall of the stomach. Vivipara, with two jaw pieces, 
does not i^osscss this stylet ; Bithynia, which does possess it, has no Jaw. 

* J. IJ. Vanstone, Joxtni. Linn. Soc. xxiF. p. 360. 



240 


THE LIVER AND HYALINE STYLET 


CHAV. 


which serves as a reservoir for the biliary secretioDs. At the 
point of connexion between the ooecum and stomaoh is fbtmd a 
valve, which opens fur the issue of the biliary products into the 
stomach, but idoses against the entrj of food into the ooecum. 
In most Gasteropoda the liver consists of two distinct lobes, 
between which are embedded the stomach and part of the 
intestine. In many Nndibranchiata the liver becomes ' difiRised ' 
or broken up into a number of small diverticula or glands con- 
necting with the stomach and intestina The so-called cerata 
or dorsal lobes in the Aeolididae are in effect an external liver, 
the removal of which to the outside of the body gives the crea- 
ture additional stomach-room 

The Hyaline Stylet — In the great majority of bivalves the 
intestine is provided with a hUnd sac, or coeoum of varying 
lengtL Within this is usually lodged a long cylindrical l^y 
known as the hyaline or crystalline stylet. In a well-developed 
JfyHliu edvlis it is over an inch in length, and in Mya arena/ria 
between two and three inchea The bladder-like skin of the 
stylet, as well as its gelatinoid substance, are perfectly trans- 
parent. In the Unionidae there is no blind sac, and the stylet, 
when present, is in the intestine itself It is said to be present 
or absent indifferently in certain species. 

The actual function performed by the hyidine stylet is at 
present a matter of conjecture. Haseloff's experiments on 
MytUns edvlis tend to confirm the suggestion of Mobius, that 
the structure represents a reserve of food material, not specially 
secreted, but a chemical modification of surplus food. He found 
that under natural conditions it was constantly present, but that 
specimens which were starved lost it in a W days, the more 
complete the starvation the more thorough being the loss; it 
reappeared when they were fed again. Schulze, on the other 
hand, believes that it serves, in combination with mucus secreted 
by the stomach, to protect the intestine against laceration by 
sharp particles introduced with the food. W. Clark found that 
in Pholas the stylet is connected with a light yellow corneous 
plate, and imagined therefore that it acts as a sort of spring to 
work the plate in order to comminute the food, the two together 
performing somewhat the function of a gizz^.' 

" > SM. QentrcUU. rii. i>. SSS \ SB. Oee. IfoL Ft. 1890, p. 42 ; May. Nat. NUt. 
(2) V. 1850, p. 14. 
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5, and 0. The Intestifie, Reetuvfii awl Awiia, — Thn intestine, 
the wider anal end of which is called the rectiiin, almost invari- 
ably makes a bend forward .on leaving the stomach. This 
is the case in the Cephalopoda, Scaphopoda, q, 

and the great majority of Gasteropoda. The 
exceptions are the bilaterally symmetrical 
Amphineiira, in which the anus is terminal, 
and many Opisthobranchiata, in which it is 
sometimes lateral (Fig. 68, p. 159), sometimes 
dorsal (Fig. 67). The intestine is usually 
short in carnivorous genera, but long and 
more or less convoluted in those which are 
phytophagous. In all cases where a bran- 
chial or pulnionary cjivity exists, the anus is 
situated within it, and thus varies its posi- 
tion according to the position of the breath- 
ing organ. Thus in Helix it is far forward 
on the right side, in Testacella, Vaginvla^ and 
Onchidium almost terminal, in Patella at the 
back of the neck, slightly to the right side 
(Fig. 64, p. 157). 

In the rhipidoglossate section of the Dioto- 
cardla (Trochus, HalioHs, etc.) the rectum 

passes through the ventricle of the heart, a 0 

fact which, taken in conjunction with others, 
is evidence of their relationship to the 
Pelecypodfi, 

In nearly all Pelecypoda the intestine is 
very long and convoluted, being souietimes Fig. 147 . ink-sac of 
danbled forwanl over the mouth. Towards 
its terminal part it traverses the ventricle of 
the heart, except in Ostrea, Anomia, Teredo^ 
and a few more. The anus is always at the 
posterior end of the animal, adjacent to and 
slightly above the adductor muscle. 

Anal glands, which open into the rectmn 
close to the anus, are present in some Proso- 
branchiata, e.g. Murex, Purp'ura. In the 
Cephalopoda the anal gland bec'omes of considerable size and 
imi)ortance, and is generally known as the ink-sac (Fig. 147); 
you III K 


a, anus ; duct of 
sac ; i.g, ink - gland ; 
ir, portion of the sac 
which serves as a re- 
servoir for the ink ; 0, 
orifice of ink -gland ; r, 
rectum; s/;, double set 
of sphincter muscles 
controlling Upper end 
of duct. (Modified 
from Girod. ) 
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it occurs in all known living genera, except Ncmtilvs. The ink- 
sac consists of a large bag generally divided into two portions, in 
one of which the colouring matter is secreted, while the other 
acts as a reservoir for its storage. A long tube connects the 
bag with the end of the rectum, the mouth of the tube being 
controlled, in Sepia, by a double set of sphincter muscles 

The Kidneys 

The kidneys, nephridia,^ renal or excretory organs, consist 
typically of two symmetrical glands, placed on the dorsal side of 
the body in close connexion with the pericardium. Each kidney 
opens on the one hand into the mantle cavity, close to the anus 
(see Fig. 64, p. 16 *7), and on the other, into the pericardium. 
The venous blood returning fipom the body passes through the 
vascular walls of the kidneys, which are largely formed of cells 
containing uric acid. The blood thus parts with its impurities 
before it reaches the breathing organs. 

The kidneys are paired in all cases where the branchiae are 
paired, and where the heart has two auricles, i.e. in the Amphi- 
neura, the Diotocardia (with the exception of the Neritidae), the 
Pelecypoda, and all Cephalopoda except Nautilus, which has 
four branchiae, four auricles, and four kidneya In other Gastero- 
poda only one kidney survives, corresponding to the left kidney 
of Zygobranchiate Gasteropods. 

Besides their use as excretory organs the kidneys, in certain 
groups of the Mollusca, stand in very close relation to the genital 
glands. In fomo of the Amphineura the generative products, 
instead of possessing a separate external orifice of their own, pass 
from the genital gland into the pericardium and so out through 
the kidneys (see Fig. 61 C, D, p. 154). In the Diotocardia it is 
the right kidney alone which serves, besides its excretory func- 
tions, as a duct for the emission of the generative products, the 
left kidney being at the same time greatly reduced in size. 
Thus in Patella the left nephridium is small, the right being 
much larger ; both function as excretory organs, but the right 
serves as a mode of conveyance for the seminal products as well 
In certain Pelecypoda (e.g. Yoldia, AvicvJa, Modiola, Peeien, 
Spondylus) the genital glands communicate directly, and with a 

^ V€^p6t, kidney. 
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similar object, with the renal pouch on the same side of the 
body, but in the majority of cases the orifices ore distinct 
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CHAPTER IX 

THB SHELL, ITS FORM, COMPOSITION AND GROWTH — DESIGNATION 
OF ITS VARIOUS PARTS 

The popular names of ‘shells,* ‘shell -fish,’ and the like, as 
commonly applied to the Mollusca, the intrinsic beauty and 
grace of the shells themselves, resulting in the passion for their 
collection, their durability and ease of preservation, as compared 
with the non-testaceous portion, — all these considerations tend 
to unduly exalt the value of the shell as part of the organism as 
a whole, and to obscure the truth that the shell is by no means 
the most important of the organa 

At the same time it must not be forgotten that the old 
systems of classification, which were based almost entirely on 
indications drawn from the shell alone, have been strangely little 
disturbed by the new principles of arrangement, which depend 
mainly on structural points in the animal. This fact only tends 
to emphasise the truth that the shell and animal are in the 
closest possible connection, and that the shell is a living part of 
the organism, and is equally sensitive to external influences. 

A striking instance of the comparative valuelessness of the 
shell alone as a primary basis of classification is furnished by the 
large number of cases in which a limpet-shaped shell is assumed 
by genera widely removed from one another in cardinal points of 
organisation. This form of shell occurs in the common limpet 
(Patellidae), in Awylus (Limnaeidae), Hemitoma (Fissurellidae), 
Coccvlina (close to Trochidae), Umbrella and Siphonaria (Opis- 
thobranchiata), while in many other cases the limpet form is 
nearly approached. 

Roughly speaking, about three-quarters of the known Mollusca, 
recent and fossil, possess a univalve, and about one-fifth a bivalve 
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shell. In PholoB, and in some species of Thrucia, there is a small 
accessory hinge plate ; in the Polyplacophora, or Chitons, the shell 
consists of eight plates (see Fig. 2, p. 8), usually overlapping. A 
certain proportion of the Mollusca have no shell at alL In many 
of these cases the shell has been present in the larva, but is lost 
in the adult. 

The shell may be 

(1) External, as in the great majority of both univalves and 
bivalves. 

(2) Partly external, i)artly internal; e.g. Homcdonyx^ Hem- 



Fia. 148 . — Ajaiustnini aplustre 
L., Mauritius, showing the 
partly internal shell (8) ; F, 
foot ; LL, cephalic lappets ; 
TT, double set of tentacles. 
(After Quoy and Gaimard. ) 



Fia. 149 . — Sigaretus laemga- 
tus Lam., showing shell 
partially immersed in the 
foot ; F, anterior pro- 
longation of tlie foot. 
(After Souleyet) 


phillia, some of the Natieidae, Scutum, Accra, Aplustrum 
(Figs. 148 and 149). 

(3) Inter Thai ; e.g. Philine, Gastropteron, Pleitrohranclim, 
Aplysia, Li max, Arion, Hyalimax, Parmacell a, Lamellaria, 
Cryptochiton, and, among bivalves, Chlamydocom-ha. 

(4) Absent; e.g, all Nudihranchinta and Aplaxopkora, many 
Cephalopoda, a few laud Mollusca, e.g. all Onchidiidae, Philomycus, 
and Vaginnla. 

The Univalve Shell. — In univalve MoUusca the normal form 
of the shell is an elongated cone twisted into a spiral form round 
an axis, the spiral ascemling to the left. Probably the original 
form of the shell was a simple cone, which covered the vital 
j)aits like a tent. As these parts temle<l to intTcast^ in size, their 
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position on the dorsal side of the animal caused them gradually 
to fall over, drawing the shell with them. The result of these 
two forces combined, the increasing size of the visceral hump, 
and its tendency to pull the shell over with it, probably resulted 
in the conversion of the conical into the spiral shell, which 
gradually came to envelop tlie whole animal Where the 
visceral hump, instead of increasing in size, became flattened, the 
conical shape of the shell may have been modified into a 
simple elliptical plate (e.g. Limax), the nucleus representing the 
apex of the cone. In extreme cases even this plate dwindles 
to a few calcareous granules, or disappears altogether {Arion^ 
Vaginula). 

Varieties of the Spiral — Almost every conceivable modifl- 




Fig. 150. — Examples of shells with A, a flattened 
spire {Pclygyratia ) ; B, a globose spire {Natica ) ; 
C, a greatly produced spire (Ifercfera). 



cation of the spiral occurs, from the type represented by Oena, 
HaliotiSy SigaretuSy and Lamellaria, in which the spire is practi- 
cally confined to the few apical whorls, with the body -whorl 
inordinately large in proportion, to a multispiral form like 
Terehra, with about twenty whorls, very gradually increasing in 
size. 

As a rule, the spire is more or less obliquely coiled round 
the axis, each whorl being partially covered, and therefore 
hidden by, its immediate successor, while the size of the 
whorls, and therefore the diameter of the spire as a whole, 
increases somewhat rapidly. Tlie effect of this is to produce 
the elevated spire, the shell of six to ten whorls, and the wide 
aperture, of the normal tyije of mollusc, the whelk, snail, peri- 
winkle, etc. 
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Sometimes, however, the coil of the whorls, instead of being 
oblique, tends to become horizontal to the axis, and thus we 
have another series of gradations of form, &om the excessively 
produced spire of Terehra to the flattened disc of Planorbis, 
Polygyratia, Euomphalus^ and Ammonites, The shell of many 
species of Conus practically belongs to the latter type, each whorl 
folding so closely over its predecessor that the spiral nature of 
the shell is not perceived until it is looked at at right angles to 
the spire. 

In some cases the regularly spiral form is kept, but the 
whorls are completely disconnected ; e.g, some Scalaria^ Spirvia ; 



B 


Fia. 151. — Examples of shells 
with disconnected whorls ; 
A, Cyathopoma comu Mf., 
Philippines ; B, Cylindrdla 
hystrix Wright, Cuba. (Both 
X 4.) 



Fiq. 152.--Example of a shell 
whose apical whorls alone are 
coiled, and the remainder pro- 
duced in a regular curve. 
{Cydoawrm Mariei Morel., 
Mayotte. ) 


among fossil Cephalopoda, GyroceraSy CrioceruSy and Arwyloceras ; 
and, among recent land Mollusca, Gylindrella hystrix and Cyatho- 
poma cornu (Fig. 151). Sometimes only the last whorl becomes 
disconnected from the others, as in Rhiostoma (see Fig. 180, p. 
266), Teimstomayani. in the fossil Ophidioceras and Macroscaphites, 
Sometimes, again, not mure than one or two whorls at the apex 
are spirally coiled, and the rest of the shell is simply produced or 
coiled in an exceedingly irregular manner, e.g. CyclosuruSy Lituites, 
OrggoceraSy Siliquaria (Fig. 153), Vermetus. In Coecum (Fig. 
1 70, p. 260) the spiral part is entirely lost, and the shell becomes 
simply a cylinder. In a few cases the last whorl is coiled irregu- 
larly backwards, and is brought up to the apex, so that the animal 
in crawling must carry the shell with the spire downwards, as in 
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Anoatoma (Fig. 164), OpisthostoTYut, (Fig. 208, p. 309), Stropho- 
stoma, aud Hypsdostoma (Fig. 202 A, p. 302), 

Some genera of the Capulidae, in which the shell is of a 
broadly conical form or with scarcely any spire, develop an 
internal plate or process which serves the purpose of keeping the 



Pig. 163, — SUiquaria anguina Lam., show- Fig. 154. — Anostma. gtobulosum Lam., 
ing scalariform coil of upper whorls and Brazil. (After P. Fischer.) 

irregular extension of the lower. 


animal within the shell, and does the work of a strong attacliment 
muscle. In Mitrularia this process takes the form of a raised 
horseshoe ; in Crucihulurti it is cup-shaped, with the edge free all 
round ; in Galerus, Ergaea, Crepipatella, and Trochita we get a 



Pig. 1.65. —Various forms of the internal plate in Capulidae . A, Calyptraea (Afifru- 
laria) equtstrii Lain. , E. Indies ; B, Cfucihvlum scutellatum Gray, Panama ; C, 
Ergam plana Ad., and Reeve, Japan ; D, Oalerua chinensis L., Britain ; £, Cr^- 
patella dilatata Lam., Callao ; F, 1^'ochita maculata Quoy, N. Zealand ; G, Crepi^ 
dtUa fomicata Lam., N. America. 


series of changes, in which the edge of the cup adheres to the 
interior of the shell, and then gradually flattens into a plate. In 
Crepidula proper this plate becomes a regular partition, covering 
a consideralde portion of the interior (Fig. 165 ^1). Hipponyx 
secretes a thin calcareous plate on the ventral Hiuface of tlie foot, 
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which intervenes like an operculum between the animal and the 
substance to which it adheres. 

SinistraJ, or Left-handed Shells. — The vast majority of uni- 
valve spiral shells are normally dcxtrai, i.e. when held spire 
uppermost, with the aperture towards the 
observer, the aperture is to the right of the 
axis of the spire. If we imagine such a 
shell to be a spiral staircase, as we ascended 
it we should always have the axis of the 
spire to our left. 

Sinistral or 'reversed* forms are not 
altogether uncommon, and may be grouped 
under four classes ; — 

(1) Cases in which the genus is normally 
sinistral ; (2) cases in which the genus is 
normally dextral, but certain species are 
normally sinistral ; (8) cases in which the 
shell is indifferently dextral or sinistral; 

(4) cases in which both genus and species 

are normally dextral, and a sinistral form is an abnormal 

monstrosity. 

In all cases of sinistral monstrosity, and all in which a sinistral 
and dextral form are interchangeable (sections 3 and 4 above), 
the position of the apertures of the internal organs appears to be 
relatively affected, i.e. the laxly is sinistral, as well as the shelL 
This has been proved to l)e the case in all specimens hitherto 
examined, and may tlierefore be assumed for the rest. The same 
uniformity, however, does not hold good in all cases for genera 
and species normally sinistral (sections 1 and 2). As a rule, the 

A C C O E P 

Pig. 157. — Illustration of the jp-adation of forms in AmpuUaria between a dextral 
(A) and au ultra-dextral species (F). 

anal and genital apertures are, in these instances also, to the left, 
hut not alwaya In Spirialis, Limmina, Meladomus, luid Lanistes 
the shell is sinistral, but the animal is dextral. This apparent 
auomjily has been most ingeniously explained by Simroth, Von 
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Ihering, and Pelseneer. The shell, in all these cases, is not 
really sinistral, but vltTa-dextral. Imagine the whorls of a 
dextral species capable of being flattened, as in a Planorhis^ and 
continue the process, still pushing, as it were, the spire down- 
wards until it occupies the place of the original umbilicus, 
becoming turned completely 'inside out,’ and we have the whole 
explanation of these puzzling forms. The animal remains 
dextral, the shell has become sinistraL A convincing proof of 
the truth of this is furnished by the operculum. It is well 
known that the twist of the operculum varies with that of the 
shell ; when the shell is dextral, the operculum is sinistral, with 
its nucleus near the columella, and vice versd. In these ultra- 
dextral shells, however, where it is simply the method of the 
enrolment of the spire that comes in question, and not the 
formation of the whorls themselves, the operculum remains 
sinistral on the apparently sinistral shell. 

The reverse case to this, when the shell is dextral but the 
orifices sinistral, is instanced by the two fresh-water genera 
Pompholyx (from N. America), and Choanomphalus (L Baikal). 
A similar transition in the enrolment of the whorls may be 
confidently assumed to have taken place, and the shells are 
styled vltra-sinistral. 

Yet another variation remains, in which the embryonic form 
is sinistral, but the adult shell dextral, the former remaining 
across the nucleus of the spire. This is the case with 
Odostomia, Eulimella, Turhonilla, and Mathilda, all belonging to the 
Prosobranchiata, with Actaeon, Tornaiina, and Actaeonina among 
the Opisthobranchs, and Melampus alone among Pulmonates. 

Monstrosities of the ShelL — Abnormal growths of the 
shell constantly occur, Some of them being scarcely noticeable, 
except by a practised eye, others of a more serious nature, 
involving an entire change in the normal aspect of the creature. 
SccUariform monstrosities are occasionally met with, especially 
in Helix and Planorbis, when the whorls become unnaturally 
elevated, and sometimes quite disjoined from one another ; 
carinated monstrosities develop a keel on a whorl usually smooth ; 
acuminated monstrosities have the spire produced to an extreme 
length (Fig. 158); sinistral monstrosities (sea above) have the 
spire reversed : dwarfs and giants, as in our own race, are occa- 
sionally noticed among a crowd of individuals. 
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More serious forms of monstrosity are those which occur in 
individual casea Mr. S. P. Woodward once observed ^ a specimen 
of an adult Helix ctsperm with a second, half-grown individual 
fixed to its spire, and partly embedded in the suture of the body 
whorl. The younger snail had died during its first hibernation, 
as was shown by the epiphragm remaining in the aperture, and 
its neighbour, not being able to get free of the incubus, partially 
enveloped it in the course of its growth. In the British Museum 
two Ifittorina littorea have become entangled in a some- 
what similar way (Fig. 160 B), possibly as a result of embryonic 



Fia. 158. — MonatFoeities of Neptunea an- Fio. 159. — Monstroaitiea of lAUorvna 
tiq%M L., and Buccinum undatum L., rudia Mat, The Fleet, Weymouth, 

with a greatly produced apire (from (After Sykes.) 

specimens in the Brit. Mus.) 


fusion. Double apertures are not uncommon ^ in the more 
produced land-shells, such as Gylindrella and Clausilia (Fig. 
160 A). In the Pickering collection was a Helix hortensis 
which had crawled into a nutshell when young, and, growing 
too large to escape, had to carry about this decidedly extra shell 
to the end of its days A monstrosity of the cornucopia form, 
in which the whorls are uncoiled almost tliroughout, is of exceed- 
ingly rare occurrence (Fig. 161). 

Some decades ago ingenious Frenchmen amused themselves 
by creating artificial monstrosities. H. aspersa was taken from 
its shell, by carefully breaking it away, and then introduced into 
another shell of similar size {H. mmoralis, vnnnictdata, or 


’ Amu NaJt., Hist, (2) xvl. p. 298. 

^ Soo, for. iusttuice, QmH. Jmru. Vmich, i, p. 840 ((/#//. JUitYtd) : Jahrh. DeiiL 
AfalaJt, (ImH, 1879, p. 98 {Cimmlin dnlnn). 
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pisana). At the end of several days attachment to the columella 
took place, and then growth began, the new shell becoming soldered 
to the old, and the spiral part of the animal being protected by 
a thin calcareous envelope. A growth of from one to two 
whorls took place under these conditions. The individuals so 
treated were always sordid and lethargic, but they bred, and 
naturally produced a normal dspersa offspring.^ In the British 




Fio. 160., — Monatrcwities with two 
»perturcs : A, Vyiindrella agnesi' 
ami C. B. Ad„ Jamaica ; B, 
Littorina littorea (from s^)«cimeiis 
in the British Museum). 


Fio. 161. — Cornucopia- 
shaped monstrosity 
of Helix Mtperaa, 
from Ilfracombe. 
(British Museum. ) 


Museum there is a specimen of one of these artificial unions of a 
Helix with the shell of a Limnaea stagnalis. 

Oomposition of the Shell. — Tlie sliell is mainly composed 
of pure carbonate of lime, with a very slight proportion of phos- 
phate of lime, and an organic base allied to ehitin, known as 
coTwhiolin, The proportion of carbonate of lime is known to 
vary from about 99 p.c. in Stromhiis to about 89 p.c. in Turri- 
tella. Nearly 1 p.(‘.. of phosphate of lime has be.en obtained from 
the shell of Helix nemomlis, and nearly 2 p.c. from that of Ostrea 
•cinjinica. The conchiolin forms a sort of membranous frame- 
work for the shell ; it soon disjipjwuirs in dead specimens, leaving 
tlie shell much more brittle than it was when alive. Carbonate 
of magnesia luis also bc(ui dc^tected, to the extent of *12 p.a in 
Telemrpiwnh ami *48 j).c. in N^ptniiea antiyua. A truce of silica 
lias also occasionally b(*(‘n found. 

^ CuilJiautI, Joam. de Utrachgl. vii. p. 231 ; CjotwicM, ihUl, p. 44. 
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When the shell exhibits a crystalline formation, the carbonate 
of lime may take the form either of calcite or aragonite. The 
oalcite crystals are rhombohedral, optically uniaxal, and cleave 
easily, while the aragonite cleave badly, belong to the rhombic 
system, and are harder and denser, and optically biaxaL Both 
classes of crystal may occur in the same sheU. 

Two main views have been held with regard to the formation 
and structure of the shell — (1) that of Bowerbank and Carpenter, 
that the shell is an organic formation, growing by inte^itial 
deposit, in the same manner as the teeth and bones of the higher 
animals ; (2) that of B^aumur, Eisig, and most modern writers, 
that the shell is of the nature of an excretion, deposited like 
a cuticle on the outside of the skin, being formed simply of 
a number of calcareous particles held together by a kind of 
' animal glue/ Leydig’s view is that the shell of the Monoto- 
cardia is a secretion of the epithelium, but that in the 
Pulmonata it originates within the skin itself, and afterwards 
becomes free.' 

According to Carpenter, when a fragment of any recent shell 
is decalcified by being placed in dilute acid, a definite animal 
basis remains, often so fine as to be no more than a membranous 
film, but sometimes consisting of an aggregation of ' cells ’ with 
perfectly definite forms. He accordingly divides all shell struc- 
ture into cellular and membranous, according to the characteristics 
of the animal basis. Cellular structure is comparatively rare ; it 
occurs most notably in Pinna, where the shell is composed of a 
vast multitude of tolerably regular hexagonal prisms (Fig. 162 B). 
Membranous structure comprises all forms of shell which do not 
present a cellular tissue. Carpenter held that the membrane 
itself was at one time a constituent part of the mantle of the 
mollusc, the carbonate of lime being secreted in minute ' cells * 
on its surface, and afterwards spreading over the subjacent 
membrane through the bursting of the cells. 

The iridescence of nacreous shells is due to a peculiar 
lineation of their surface, which can be readily detected by a 
lens. According to Brewster, the iridescence is due to the 
alternation of layers of granular carbonate of lime and of a very 
thin organic membrane, the layers very slightly undulating. 
Carpenter, on the other hand, holds that it depends upon the 

^ Arch, Natwrgedch, xUL p. 209. 
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disposition of a single iiieuibraiious layer in folils or plaits, which 
lie more or less obliquely to the general surface, so that their 
edges show as lines. The nacreous type of shell occurs largely 
among those Mollusca which, from other details in their organisa* 
tion, are known to represent very ancient forms (e.g. Nwiula, 
Avicula, Trigonia, Nautilus). It is also the least permanent, and 
thus in some strata we find that only casts of the nacreous shells 
remain, while those of different constitution are preserved entire. 

Porcellanous shells (of which the great majority of Gastero- 
poda are instances) usually consist of three layers, each of which 
is composed of a number of adjacent plates, like cards on edge. 
The inclination of the plates in the different layers varies, but 
that of ^he plates in the inner and outer layer is frequently the 



Fig. 162. — A, Section of shell of Unio ; a, periostracal layer; 6, prismatic layer; c, 
nacreous layer. B, Horizontal section of shell of Finna^ showing the hexagonal 
prisms. 

same, thus if the plates are transverse in the middle stratum, 
they are longitudinal in the inner and outer strata, and, if 
longitudinal in the middle, they are transverse in the otlier two. 
Nut uncommonly (Fig. 163 B) other layers occur. In bivalves 
the disposition and nature of the layers is much more varied. 

In Unio the periostracal or uppermost layer is very thin ; 
beneath this is a prismatic layer of no great deptli, while the 
whole remainder of the shell is nacreous (Fig. 162 A). Many 
bivalves show traces of tubular structure, while in the Veneridae 
the formation and character of the layers approaches closely to 
that of the Gasteropoda. Further details may be gathered from 
Carpenter’s researches.^ 

^ Dr. W. B. Carpenter, JUp. Brit. Ass. xiii. p. 71 ; xiv. p. 1 ; xvii. p. 93 ; J. S. 
Bowerbauk, Trans. Micr. Soc. i. p. 123 ; Ehrenliaum, Beit. wiss. Bool. xli. p. 1. 
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FonnAtion of Shell.^ — The mantle margin is the principal 
agent in the deposition of shell It is true that if the shell be 
ftactured at any point, the hole will be repaired, thus showing 
that every part of the mantle is furnished with shell-depositing 
cells, but such new deposits are devoid of colour and of periostra- 
cum, and no observation seems to have been made with regard to 
the layers of which they are composed. As a rule the mantle, 
except at its margin, only serves to thicken the innermost layer 
of shell. 

It is probable that the carbonate of lime, of which the shell 
is mainly composed, is separated from the blood by the epithelial 
cells of the mantle margin, and takes the crystalline or granular 
form as it hardens on exposure after deposition. The three 
layers of a porcellanous shell are deposited successively, and 



ABC 

Fig. 163, — Sections of Bhells. A, Conus . a, outer layer ; ft, middle prismatic layer, with 
obliquely intersecting laminae above and below ; c, inner layer. B, Oliv-a : a, outer 
layer ; ft, layer of crossed and curved laminae ; c, prismatic layer, succeeded by 
layer of laminae at right angles to one another ; inner layer. C, Cyin'om : «, 
outer layer ; ft, middle layer ; c, inner layer. 

the extreme edge of the mouth, when shell is forming, will 
contain only one layer, the outermost ; a little further in, two 
layers appear, and furtlier still, thive. The pigment cells which 
colour the surface are situated at the front edge of the mantle 
margin. 

Shelly matter is deposited, and probably secreted, not only by 
the mantle, but also in some genera by the foot. This is certainly 
the case in Cymhium, Oliva, Ancillaria, Cassis, Distortio, and 
others, in several of which the foot is so large that the shell 
appears to be quite iimnersed in it.- 

^ Swj also p. 258, * J* K. Gi*ay, Pkif, TimtSi 1833, yu 774 f. 
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The deposition of shell is not continiioua Best periods occur, 
during which the function is dormant ; these jKiriods are marked 
off on the edge of the shell, and ai-e known fxs of growth. 
In some cases {Murex, Triton, Ranella), tlie rest period is marked 
by a decisive thickening of the lip, which persists on the surface 
of the shell as what is called a mrix (see p. 263).^ 

The various details of sculpture on the exterior surface of the 
shell, the striae, ribs, nodules, imbrications, spines, and other 
forms of ornamentation are ail the product of similar and 



Pig, 164. — Mu rex tenuispina L., Ceylon, 
xj. 


corresponding irregularities in the mantle margin, and have all 
been originally situated at the edge of the lip. Spines, e.g. those 
of Mtirex and Pteroeeras, are first formed as a hollow thorn, cleft 
down its lower side, and are afterwards filled in with solid matter 
as the mantle edge withdraws. Wtiat purpose is served by the 
extreme elaboration of these spiny processes in some cases, can 
hardly be considered as satisfactorily ascertained. Possibly they 
are a form of sculptural development wliich is, in the main, pro^ 
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tective, and secures to its owners immunity from the attacks of 
predatory fishea 

‘ Attaclied ’ genera (e.g. Cliari/ia, Spondyltis) when living on 
smooth surfaces have a flat shell, but when affixed to coral and 
other uneven surfaces they become very irregular in shape. The 
sculpture of the base on which they rest is often reproduced in 
these ' attached ’ shells, not only on the lower, but also on the 
upper valve, the growing edge of which rests on the uneven 
surface of tlie base. Oysters attached to the branches of the 
mangrove frequently display a central convex rib, modelled on the 
shape of the branch, from which the plaits of sculpture radiate, 
while specimens fixed to the smooth trunk have no such rib. 
Crepidula, a genus which is in the habit of attaching itself to 
other shells, varies in sculpture according to that of its host. 
Sometimes the fact may be detected 
that a specimen has lived on a 
ribbed shell when young, and on 
a smooth one when old, or vice 
versd. A new genus was actually 
founded by Brown for a Capulus 
which had acquired ribs through 
adhesion to a Pecten, A specimen 
of Hinnites giganteus in the British 
Museum must at one period of its 
growth have adhered to a surface on 
which was a Serpula, the impression 
of which is plainly reproduced on 
the upper valve of the Hinnites} 

Growth of the Shell. — No- 
thing very definite is known with 
regard to the rate of growth of the shell in marine Mollusca. 
Under iavourable conditions, however, certain species are known 
to increase very rapidly, especially if the food supply be abundant, 
and if there is no inconvenient crowding of individuala Petit 
de la Saussaye mentions^ the case of a ship which sa.iled from 
Marseilles for the west coast of Africa, after being fitted with an 
entirely new bottom. On arriving at its destination, the vessel 
spent 68 days in the Gambia Kiver, and took 86 days on its 
homeward voyage. On being cleaned immediately on its return 

* J. E. Gray, Phil, Tram. 1833, p. 774 f. ® Jmmi. dc Conchyl iv. p. 424, 

VOL. Ill B 



Fig. 166. — A specimen of Antmia 
ephippium L., Weymouth, taken 
upon Pectm inaximuSf the sculp- 
ture of which is reproduced on 
the upper valve of the AnotniOf 
and even on a young Afwtnut 
attached to the larger specimen. 
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to Marseilles^ an Avicula 78 mm. and an Osirea 95 mm. long 
(both being species peculiar to W. Africa) were taken from its 
keel These specimens had therefore attained this growth in at 
most 154 days, for at the period of their first attachment they 
are known to be exceedingly minute. P. Fischer relates ^ that in 
1862 a buoy, newly cleaned and painted, was placed in the basin 
at Arcachon. In less than a year after, it was found to be 
covered with thousands of very large MytUus edvlis, 100 mm. 
X 48 mm., the ordinary size on the adjoining banks being only 
about 50 to 60 x 30 mm. 

Some observations have already been recorded (p. 40) on 
the growth of Helix aspersa. In the summer of 1858, which was 
very dry, especially in the south of France, the young Helices 
born that year were still very small in August. About the end 
of that month abundant rain came on, and in four or five days 
young H varidbilis, Hpiaana, and H aspersa, eating without cessa- 
tion, as if to make up for lost time, grew more than a centimetre 
of shell The lip of a young H, arhistorum has been observed to 
have grown, at the end of the first week in the season’s growth, 
3 mm., at the end of the second week, 6*25 mm., the third, 
11*5 mm., and the fourth 12*5 mm., with a finished lip.® 

Careful observation has shown that in the growth of the shell 
of Helix aspersa the periostracum is first produced ; it is covered 
with hyaline globules, 10-12 mm. in diameter, which persist even 
in the oldest sheila Calcareous matter is deposited on the 
internal face of the new periostracum, at some distance from the 
margin. It is secreted by a white zone or band of cells bound- 
ing the entire breadth of the mantle as applied to the peristome. 
Immediately behind the white zone are a series of pigment cells 
which not only give the shell its colour but complete the 
calcification of the shelly matter laid down by the white zone. 
When the animal has attained its full growth and the lip is 
finished off, the white band and the periostracum cells completely 
disappear, and only such cells persist as contribute to the internal 
thickening of the shell Shell growth, in this species, is very 
rapid. If a portion of the pulmonary sac is laid bare, by remov- 
ing a fragment of shell, at the end of or 2 hours there may 
be detected a delicate organic membrane covering the hole, 
and strewn with crystals of carbonate of lime. This thickens 
* J 9 um. de Conchyl, xii. p. 3. ^ T. Scott, J&um, of Gonch.^ 1887, p. 230, 
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with great rapidity, and soon fills up the hole with solid matter. 
For two consecutive mouths an animal, deprived of food, has been 
known to reproduce this membrane daily after its removal every 
morning,^ Prof. Schiedt has found that oysters, if deprived of 
the right valve and exposed to the light, not only develop brown 
pigment over the whole exposed surface of mantle and branchiae, 
but actually succeed in part in reproducing the valve and hinge.* 

Deposit of AdditioTial Layers qf Shell, — Mollusca possess the 
power of thickening the interior of the shell, by the deposit of 
successive layers. This is frequently done in self-defence 
against the attacks of boring Mollusca, sponges, and worms. 
Oases may often be noticed of Ostrea, Spondylus, and other 
sedentary molluscs, which, unable to escape the gradual assaults 
of their foes, have provided against them by the deposit of fresh 
shelly matter. A somewhat similar plan is adopted to provide 
against intrusion by way of the aperture. 

Pearls are, in many cases, the result of 
shell deposition upon the eggs or even the 
body of some intrusive parasite {Distoma, 

Filaria, etc.), and are, in some countries, 
artificially produced by the introduction of 
fragments of sand, metal, etc., into living 
Unio and Anodonta, Little joss images 
are made in India and China, the nacre 
on which is produced by thrusting them 
inside living Unionidae. 

A specimen of Helix rosaxea, in the 
British Museum, into whose shell a piece 
of grass somehow became introduced, has 
partitioned it ofiF by the formation of a 
sort of shelly tunnel extending throughout its entire length 
(Fig. 167). 

Absorption of Internal Portions. — Certain genera have the 
remarkable property of absorbing, when they become adult, the 
internal portions of the whorls and the greater part of the 
columellar axis. The effect of this is to make the shell, when 
the process is complete, no longer a spiral but a more or less 
produced cone, and it is found that in such cases the viscera of 

^ M. de Yillepoix, CompUs Bendus, oxiii. p. 817. 

» Pwc. Ac, Sol Sc, Phil, 1892, p. 860. 



Fia. 167. — A specimen of 
Hdix rosacea Miill., 
Cape of Good Hope, into 
which a piece t' grasa 
has by some means be- 
come introduced. The 
animal has protected 
itself by covering the 
grass with a shelly layer. 
( From a specimen in the 
British Museum.) 
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the spire lose their spiral form, and take the shape of the cavity 
in which they lie. Amongst the genera in which this singular 
process takes place are Nerita} Olivella, and C^prasa 
amongst marine forms, and nearly the whole of 
the Auriculidae ^ (Fig. 168). Convs reduces the in- 
ternal subdivisions of the spire to extreme thin- 
nesa It is noticeable that these genera are all 
of considerable thickness of shell, and it is per- 
haps the result of the whole energy of the animal 
being directed to the formation of its external 
protection that the internal walls of the spire 
become atrophied and eventually disappear. 

Decollation. — In certain genera, when the 
shell becomes adult, the animal ceases to occupy 
Lam., showing ^^0 upper whorls, which accordingly die and drop 
‘ ance of the off, the orifice at the top having meanwhile l)een 
whorls^”** which ^ shelly deposit. Such shells are termed 

are represented decollated. In some land genera decollation is 

(After pfsche^^^^ (Fig. 169), Emalo- 

diurriy and Buminay as well as in many species of 
the brackish water genera, Truncatella, Cerithideay and Quoyia. 




Fig. 169. — A, Decollatefl (adult) 
form, and B, perfect (young) 
form of CylindreUa nobUior 
Ad., Jamaica ; the dotted 
line shows where decollation 
takes place. 



Fig. 170. — Development of Coecum: A, 
sliowing the gradual formation of 
septa ; a, apex ; ajf, aperture ; as, 
first septum ; gV, second septum. 
(After de Folin.) B, Adult form of 
C. ebwrfieum Ad., Panama. x 8 . 


Stenoyyra {Bumiwi) decollata, a common shell in the south of 


* Mr. B, B. Woodward has recently jjointed out (P. Z. S. 1892, p. 628) a very 
remarkable method of shell absorption and growth in Felaies and certain other 
Neritidae. 

^ The only exception api^uars to be Pedipes, while *iii CtiasidtUa and Scarcdms the 
absorption is i>artial (Crosse and Fischer, Jmm. de, Cmich. xxx. p. 177 f). 
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Europe, has been noticed to bang its upper whorls violently 
against some hard substance, as if to get rid of them. 



Fia. 171. — Pour stages in the growth of Fismrdlay showing how the spire gradually* 
disappears and the marginal slit becomes an apical hole, A, B, C, highly magni- 
fied, 1), natural size. (After Boutan.) 


Special Points in the Growth of Certain Genera. — In the 

young of Coecurn the apex is at first spiral, but as growth 
proceeds and the long tulie begins to form, a septum is produced 
at the base of the apex, which soon drops oft! Soon afterwards, 
a second septum forms a little farther down, and a second piece 
drops off, leaving the shell in the normal cylindrical form of the 
adult (Fig. 170). The development of Fissurella is of extreme 
interest. In an early stage it possesses a spiral shell, with a slit 
on the margin of the outer 
lip of the last whorl. As 
giowth advances, shelly 
matter is deposited on lx)th 
margins, which results in 
the slit becoming a hole 
and the spire a mere cal- 
losity, until at last they 
appear to coalesce in the 
apex of the adult shell (Fig. 

171). The singular forma- 1?2.— Three stages iu the growth of C^pram 

twn* exantherm L. (From specimeus takeu at 

tions of Maguus and Rfnzo- Panama.) 

chiltbs have already been 

described (pp. 76, 76). Cypraea, in the young stage, is a thin 
spiral shell with u conspicuous apex. As growth proc^ds, the 
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surface of the whorls, which are nearly enveloped by two large 
lobes of the mantle, becomes overlaid with new layers of shelly 
matter, until eventually the spire becomes embedded, and ulti- 
mately disappears from view (Fig. 172). 

Patella, when young, has a nautiloid shell (see Fig. 45, p. 
134), but it is a remarkable fact that we are entirely ignorant, in 
this commonest of molluscs, of the transition stages which convert 
the nautiloid into the familiar conical shell. The young shell of 
Pteroceras is deceptively unlike the adult, and is entirely devoid 
of the finger-like processes which are so characteristic of the 
genus (chap. xiv.). 

Among the bivalve Mollusca, Anomia in a young stage is 
not to be distinguished from Ostrea. Soon a small sinus appears 

on the ventral margin, which 
gradually deepens and, as the 
shell grows round it, forms a 
hole for the byssus, eventually 
becoming fixed beneath the um- 
bones (see Fig. 173). In Teredo 
the two valves of the shell proper, 
which is very small, become 
lodged in a long calcareous tube 
Fig. 173. — Development of tbe byasus-or or Cylinder, which is generally 

open at both ends (see Chap. xvi.). 
In Aspergillum a somewhat similar cylinder is developed, but 
the valves are soldered to the tube, and form a part of it, the 
tube itself being furnished, at the anterior end, with a disk, which 
is perforated with holes like the rose of a watering-pot. In 
Clavajella the left valve alone becomes soldered to the tube, 
while the right valve is free within it (see Chap. xvi.). Fistulana 
encloses the whole of its shell in a long tapering tube, which is 
not at any point adherent to the shell. 

Terms employed to denote vaxions Parts of the Uniyalve 
Shell. — The apex is the extreme top of the spire, and generally 
consists of the embryonic shell, which may often be recognised 
by its entire want of sculpture. When the embryonic shell 
happens to l)e large, the apex is often mammillated, e.g. in Fusus, 
Neptunea, and some Turhinella; in the Pyramidellidae it is 
siniatral. 

The suture is the line of junction between any two successive 
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whorls. It may be deep, and even channelled, or very shallow, 
as in Fig. 150 B (p. 246). 

The spire is the whole series of whorls except the last or 
body whorl. A whorl is a single revolution of the spiral cone 
round the axis. The spire may be suMate (as in Terebra, Fig. 
160 C), turretted {Scalaria), depressed {Polygyratia, Fig. 160 A), 


apex 


suture 

varix 

nnihilicus 

rolumellft 
antenor canal 



Fio. 174. — IlluBtrating the technical terras applied to the various parts of a 
univalve shell. 


conical {Trochus), globose (^Ampvllaria, Natica, Fig. 160 B), with 
almost all conceivable gradations tetween these types. The 
number of whorls is best counted by placing the shell 
mouth downwards, and reckoning one for every suture that 
occurs between the extreme anterior point of the shell and 
the apex. 

The mouth or aperture may be (a) entire, as in Helix, 
Natica, Ampullaria, when its peristome or margin 
is not interrupted by any notch or canal, or (6) 
prolonged at its anterior and sometimes also 
at its posterior end into a canal. The anterior 
canal serves as a protection to the siphon,^ the 
posterior canal, is mainly anal in function, and 
corresponds, in part, to the hole of Fissurdla, 
the slit in Pleurotoma and Emarginvla, and the fw. 175.-— Anal 
row of holes in Haliotis. The mouth presents Pi^uro- 

every variety of shape, from the perfect circle 
in Cyclostoma and Trochus, to the narrow and prolonged slit in 
Conus and Oliva. 

The right margin of the mouth (the left, in sinistral shells) is 

* Strombaa and Pteroeema (aee Fig. 99, p. 200) exceptionally develop a siphonal 
notoli which is distinct from the anterior canal. 
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termed the outer lip or Idbrum, the left margin tlie inner lip, 
labium, or columella lip} In young shells the outer lip is 
usually thin and unfinished, while in the adult it is generally 
thickened into a rib, or furnished with more or less prominent 
teeth, or given an inward or outward curve. In some genera, 
especially the Strombidae, the outer lip of the adult develops 
long finger-like processes, which sometimes attain an extra- 
ordinary size (Chap. xiv.). As growth proceeds, these marginal 
teeth and ribs are either dissolved and di8apj)ear, or are i)erma- 
nently incorporated, in the shape of varices, with the framework 
of the shell. Some shells, e.g. Natica, Turritella, Actaeon, have 




Fra. 176 . — ScHarium perspectiwim 
Lam., from the under side. 


Fia. 377. — Section of TuihintUa 
pyrum L., showing the plicae 
on the columella and the growth 
of successive whorls. 


a permanently unfinished outer lip, even in the adult stage. 
The columella lip varies in shape with the mouth as a 
whole ; thus it may be straight, as in Conus, or excavated, 
as in Sigaretus, Struthiolaria, and Bulla, Frequently it is 
continued by part of the body whorl, as in Ficula, Dolium, and 
Fasciolaria, 

The folds or plaits on the columella, which are often charac- 
teristic of the genus or even family {e,g. Fasciolariidae, Mitridae, 
Turbinellida^) are not merely external, but continue down the 

^ The eolur,u^'' as distinct from the columella lip, is the solid pillar of shell 
round which the whorls are coiled (Fig. 177), the lower, or anterior portion of which 
alone is usually visible. 
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whole spire (see Fig- 1V7, which also shows how sacoessive fresh 
growths have thickened the columella). 

The whorls may be wound in a spiral, which is either hollow, 
as in Solarium, or quite compact, as in Oliva, Terehra, Cypra^ea, 
with every possible intermediate grade. This concavity, which 
varies in depth and width, is known as the umbilicus, and shells 
are accordingly spoken of as deeply {e,g. most Trochidae and 
Naticidae), narrowly (e.g. Lacuna, Littorina), or widely (e.g. 
Solarium) umbilicated. When the spiral is quite flat, as in 
Planorbis and some Helix, the umbilicus vanishes entirely. 
Shells in which the whorls are so compactly coiled on an 
ascending spiral that there is no umbilicus, are termed imper- 
forate. 

The Slit — Many shells are furnished with a slit in the last 
whorl, which opens, in most cases, on the outer lip, and is some- 



Fiq. 178,— The slit in A, Hmiitma, B, Mmarginula, C, MaeroachisTna, B, Orawpsis, 
£, Punctwrella, F, Fissurella, 

times of considerable depth, at others a mere notch. In the 
pateUiform shells it is always in front of the apex. The function 
of the slit appears to be mainly anal, the excretory products 
being thus allowed to escape by a passage of their own, without 
soiling the clean water taken in by the branchiae. The posterior 
canal of some Gasteropoda probably performs a similar function. 
In the adult Fissurella the slit becomes an apical hole (see Fig. 
178 F), in the allied genera it is either immediately in front of 
the spire {Puncturella), or half-way between the spire and the 
anterior margin {Rimvla), or on the margin and well marked 
{Emarginula), or a mere indentation of the margin {Hemitoma), 
In Pleurotomaria it is exceptionally long, and is well marked in 
Bellerophon, Schismope, Scissurdla, Murchisonia, and Pleurotoma 
(where it is sutural). In Haliotis and Polytremaria it is replaced 
by a series of holes, which are closed up as the animal grows 
past them. Some of these holes (at least in Haliotis) certainly 
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and Patella have reached the stage at which the operculum had 
been lost entirely. In Navicella, besides becoming degraded^ the 
operculum has actually become partly internal, and apparently 
serves the purpose of separating the viscera from the upper 
part of the foot, something like the shelly plate in Crefpidvla. 
This explains why the operculum in this genus is polished on 
both sides.^ 

Some authors have imagined that the operculum is homo- 
logous (a) to the second valve in PelecyjKxia, (?>) to the byssus. 
It differs, however, morphologically from the former in the 
essential point of not being produced by the mantle, and from 
the latter in not being produced by a special gland. 

As regards shape and formation, the oj)erculum has usually 
a more or less well-marked nucleus which may be central (e.g. 
Livona), subcentral (^Ampullaria), lateral {Purpura\ or terminal 



Turbo Turbo Livona AmpuUaiia Natica 

(Sarmaticus) (Callopoma) 

Fig. 182. — Various forms of opercula. 


{Pyrula). As a rule, both the inner and outer surfaces are fairly 
flat, but in Torinia^ Gyathopomay and Pterocyelus the outer sur- 
face is elevated and coniciilly spiral, in some Turbo (e.g. Sarmati- 
cus) it is covered with raised tutercles resemliling coral, while in 
others (e.g. Callopoma) it is scored with a deep trench. Aulo- 
poma, a land genus peculiar to Ceylon, has a paucispiral oper- 
culum with hollow whorls, deceptively like a Planorbis; it fits 
over the aperture instead of into it. In Livona and most 
Trochidae the operculum is cartilaginous and multispiral. In 
StromJms it is narrow, curved, and often serrated like a leaf 
on one of the edges ; in Conus it is narrowly oblong and rather 
featureless; in Littorina, jmucispiral and always cartilaginous. 

^ J. E. Gray, FhU. Trans. 1833, p. 812. 
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In many cases (e.g. Palvdiwi) there is no true spiral form, but 
the striae are concentric to a nearly central nucleus, and thus 
give the appearance of a spiral The evolution of the oper- 
culiun in Namcdla from Nerita has already been illustrated (p. 
10). Neritopsis has a very remarkable operculum, the striated 



Pyrula Parpuia Littoriiia Auloponut Torlnla Neritc^ig Conns 

x| x3 Btroinbus x2 

Fig. 18 S. — Various forms of opereula. • 


appendage of which locks behind the coliimella of the shell, like 
the tooth in the opereula of the Neritidae. 

Tenns employed to denote various parts of the Bivalve Shell 

— The umho, or heak^ is the apex of the hollow cone, of which 
each valve may be regarded as consisting. This apex is usually 
more or less twisted : it is markedly spiral in Isocardia, Dieerm, 
some Chama, and especially Mequienia, while in FecteUy Lepton, 
and others the spiral is altogether absent. As a rule the 
umbones point forward, i.e, towards the anterior end of the 
shell. In Donax^ Nuetda, and Trigonia, however, they point 
backward. The umliones are generally more or less approxi- 
mated, but in Area they are widely separated. 

An equilateral shell is one in which the umbones are more 
or less central with regard to its anterior and posterior portion, 
while in an inequilateral shell the umbones are much nearer one 
end than the other. On the other hand, equivalve and inequi- 
valve are terms used to express the relation of the two valves 
to one another as a whole. Thus nearly all bivalve shells are 
more or less inequilateral, hut a comparatively small proportion 
are inequivalve. 

The dorsal margin is adjacent to, the ventral margin opposite 
to, the umbonea The anterior and posterior margins are respec- 
tively the front and hinder edges of the shell 

The muscles which serve to close the valves leave impressions 
on the inner surface of each valve. These, when both muscles 
are present, are known as the anterior and posterior adductor 
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t^npressions. The impression produced by the muscular edge of 
the mantle, which curves downwards and backwards from the 
anterior adductor impression, is known as the pallial Utvc, In 
shells with only one muscle it is represented by an irregidar row 
of small marks, or disappears altogether (Ostrea). The pallM 
dnus is produced by the muscles which retract the siphons, 
and is most marked in those genera in which the muscles are 
powerful and the siphons large (e.g. Tellina^ Mya). It is entirely 
absent in genera possessing no retractile siphona 
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Fia. 184 — Left valve of gnidia L. : 

A, antenor, B, liosterioi-, C, ‘ioraal, 
n, ventral margin, AB, length, CD, 
breadth of shell. 

0 . 171 , anterior ;/?. 771, posterior adductor 
muscle ; j9, pallial line ; p.a^ pallial sinus; 
It ligament ; lu, hiniile ; u, umbo ; 
cardinal teeth ; a. auterior lateral tooth ; 
p.lt posterior Inteial tooth. 
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Fig. 18.'). — Right valve of Lwcina tigenna 
L. : A, anterior, B, posterior, C, dorsal, 
D, ventral margin ; AB, length, CD, 
breadth of shell. 

0.70, anterior ; /7.m, imsterior adductor 
muscles ; p^ pallial line ; /, ligament ; u, 
umbo ; c, cardinal teeth ; a. I, pJ, ante* 
rior and posterior lateral tooth. 


Jityki and Left Valve, — The simplest way of distinguishing the 
valves as right and left is to hold the shell in such a way that 
the siphons point towards the observer, and the mouth away 
from him ; in this position the valve to the right is called the 
right valve, and the valve to the left the left valve. If, however, 
the animal is not present, it may be remembered that the liga- 
ment is nearly always behind the beaks, and that the beaks, as a 
rule, point forward, thus the right and left valves can generally 
be named by observation of the beaks and ligament. When the 
ligament is median to the valves (e.g. Ostrea, Pecten), and the 
beaks are not curved, the valves may be recognised by noting the 
fact that the impression of the adductor muscle (in these cases 
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always single) is nearer to the posterior than to the anterior 
side. In a similar way the pallial impression, which only forms 
a sinus on the posterior side, furnishes a guide to the valves of 
Donax, in which the beaks point backward, and of Tellina, in 
which the befiks are frequently central 

In the fixed inequivalves (e.g. Chama) it is sometimes the 
right, sometimes the left valve which is undermost, but the 
fixed valve, whether right or left, is always deep, and the free 
valve flat. Ostrea and Anomia are always fixed by the- left 
valve. 

The luniile is a well-marked area in front of and close to the 
uiubones, usually more or less heart-shaped, and 
limited by a ridge. Generally it is shallow, but 
sometimes, as in Bosmia, Opis, and some Cardium^ 
deeply impressed. A corresponding area behind 
the umboiies, enclosing the ligament, is called 
the eseutcheon (Fig. 186), but it seldom occurs. 

Tlie ligament is a more or less elastic band, 
which unites the two valves along a line adjacent 
to the umlKuies. As a rule, the gre^iter jmrt of 
the ligament is external to the shell, but it may 
1)e entirely internal. It is placed, normally, ea, escutcheoB; 
behind the umlxmes, but in a few cases, when 
the hinge line is very long {Area, Pextunc/ulus), umbonw. 
it extends in front of them as well. The edges 
of the valves, when the ligament is mainly external, are more or 
less excavated for its reception. When internal it is generally 
c^rtitained in a groove or spoon-shaped pit, known as the fo^etie 
(compare Fig. 187). 

The ligament consists of two distinct parts, which may occur 
together or sejiarately, the external, or ligament prroper, and the 
internal, or cartilage. Only the external portion can he seen 
when the valves are closed. As a rule, the two portions are 
intimately connected witli one another, the ligament folding over 
the cartilage, but in some cases, e.g. Mya, Mactra, where the 
cartilage is lodged within the hinge, they are completely discon- 
nected (Fig. 187). 

In Pccten the external ligament is very thin, and runs along 
the dorsal margin, while the internal ligament is large, solid, 
and situated in a shallow pit. In Pei^na, where the hinge is 
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toothless, ^he ligament is folded into a number of transverse 
ridges, which fit into corresponding grooves in the shell. 

The ligament proper is inelastic and insoluble in caustic 
potash. The cartilage is very elastic, composed of parallel fibres, 
slightly iridescent, and soluble in caustic piitash. 

The operation of the ligament — using the word as including 
the whole ligamental process — is in opposition to that of the 

adductor muscles. When the latter 
close the valves, they compress the 
ligament, an action which its elas- 
ticity resists : thus its operation 
tends in part towards keeping the 
valves opeiL But when ligament 
and cartilage are both fully de- 
veloped, they work in opposition to 
one another, the ligament, by its 
resistance to compression, prevent- 
ing any straining of the adductor 
muscles when the valves are open, 

Fi(f. 187.— Hinge of A, right valve, the cartilage for the same 

and B. left valve of cariuage, lor mi. same 

King ; ca, cardinals ; la, anterior reasoii, preventing the Ventral mar- 

ment rapidly upon one another when the 

valves are l)eing shut. 

2%e Hinge, — The valves of Pelecypoda are generally articu- 
lated, telow the umlx)ue8, by a hinge which is furnished, in 
the majority of cases, witli interlocking teeth, small pits or 
depressions in each valve corresponding to the teeth in the 
other. The teeth are distinguished as cardinal, or those imme- 
diately lielow the umbo, and lateral, or those to either side of 
the cardinals, the latter being also distinguislied as anterior and 
posterior laterals, according as they are before or beliind the 
umbo (Fig. 184). In shells which are tolerably equilateral there 
is no difficulty in distinguishing between cardinal and lateral 
teeth. But when they are very inequilateral, the whole hinge 
may share in the inequality of growth, and an anterior lateral 
may be thrown backward and simulate a cardinal, or a cardinal 
may be thrown backward and simulate a posterior lateral (e.g. 
Cardita, Unio, Fig. 188). In many Chama the cardinals are 
pushed up into the umbo and become a mere ridge, while the 
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atrong anterior lateral becomes nearly central and simulates a 
cardinal 

Some bivalves, €.g. Anodonta, Osirea, Pedum, many MytUm^ 
have no hinge teeth at all, in others the laterals are wanting 



Fio. 188. — Hinges of A CardUa semdor^eulata Bnig., and B. Unto rectus Lam., show- 
ing how, in inequilateral shells, the lateral teeth tend to shift their position. a.m, 
anterior adductor, p,m, posterior adductor muscle; c, e, cardinal teeth; p,l, 
posterior lateral teeth ; I, ligament. 


(JPmmmobia, Diplodonta), In the Arcadae the hinge consists of 
a number of very similar denticles, which are often serrated like 
the teeth of a comb (Fig. 189). 

Hinge-teeth are probably, in origin, derived from the crenula- 






Fxo. 189. — The hinge in Arcadtu: 
JL, Nueula Loriugi Atig. x f ; 

Area granosa L.; w,a, um- 
bonal area. 


Fig. 190. — A Tridacna scapha Lani. ; B, 
Cardium enode Sowb., showing the inter- 
locking of the ventral margins. 


tions or ribbings of the surface of the shell, the upper ends of 
which impinge upon the dorsal margin and mark it in a way 
which is quite recognisable when the shell is thin. Similar 
crenulationa, resulting in interlocking of the valves, are not 
VOL. m T 
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uncommon upon the ventral margin in certain genera (Fig. 190). 
The mechanical effect of these continued riblets, when fitted 
together on the opposing valves, would be to prevent the valves 
sliding upon one another while closing, or after being closed. 
Thus there would be a probability of their surviving, even after 
the ribbing had disappeared from the surface of the shell, the 
increased strength given by the hinge compensating for, and 
making it possible to do without, the extra strength supplied by 
the ribs. It is therefore possible that the teeth of the Nuculidae 
and Arcadae, which have no distinction between cardinals and 
laterals, represent a very ancient type, from which have been evolved 
the various forms of hinge in which cardinals and laterals are 
distinguished. Even in some forms of Arcadae (comp. Pectun- 
cvlus) we get a hint how the transverse teeth of the typical 
Area may have become transformed into the longitudinal tooth 
of the normal lateral.^ 

The developed hinge-teeth, then, ensure the opening of the 
valves in one direction ; they also secure their accurate closure 
upon one another in exactly the same plane. Exposed shells 
and gaping siphons matter little to animals which are protected by 
their burrowing propensities, but to those which live in material 
which can be easily penetrated by their foes, it must be of 
advantage to be able to buckle their armour absolutely tight. 
The edentulous hinge of Anodonta is a degeneration from a 
dentate type, which retains its teeth (in Uaio, etc.) when subject 
to the jar of rapid streams, but tends to lose them in the stiller 
waters of canals, lakes, and ponds. 

Other processes in the bivalve shell. — In Anatina each umbo 
is fissured and strengthened on the inside by a kind of umbonal 
plate which carries the ligament. Some forms of Siliqua 
develop a strong internal umbonal rib, which serves as a buttress 
to strengthen the shell. In Pholas the so-called falciform pro- 
cess serves as a point of attachment for the muscles of the foot 
and viscera. There is no ligament or hinge-teeth, the place of 
the latter being taken by the anterior adductor muscle, which is 
attached to the hinge-plate, the latter being reflectea back into 
the shell. 

In Septifer the anterior adductor muscle is carried on a 
sort of shelf or myophore, and in Cucullaea the posterior 
^ W. H. Dali, Amer, Joum» Sc. xxxviii. p. 445 f. 
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adductor is partly raised on a similar and very prominent 
formation. 

Length and breadth of bivalve sheila is variously measured. 
Most authorities measure length, or ‘ antero-posterior diameter/ 
by a straight line drawn from the extreme anterior to the 
extreme posterior margin, and breadth by a similar line, drawn 
from the umbones to a point, not very clearly marked, on the 
opposite ventral margin (see Figs. 184 and 185). Others, less 
correctly, reverse these terms. Thickness is measured by the 
extreme distance of the opposite faces of the closed valves. As, 
a rule, the length exceeds, and often greatly exceeds, the thick- 
ness, but in a few cases — e.g. the Cardissa section of Cardium — 
this is reversed. 


The periostracum. — Nearly all shells are covered, at some 
period of their growth, by a periostracum} or surface skin, which 
serves the purpose of protecting the shell against the destructive 
effects of the chemical action set up by water or air. It also, in 


some cases (see p. 258), acts as a kind 
of base upon which the shell is de- 
posited. In old shells it is commonly 
worn away, especially at those parts 
which are likely to become abraded. 

The form and composition of the 
periostracum varies greatly. Some- 
times (e.g. Oliva) it is a mere trans- 
parent film, at others {Zonites) it is 
transparent, but stout and solid. It 
is corneous in Solenomya, covered 
with fine hairs in many Helicidae, 
in Conus, Velutina, and Cantharus it 



is thick, fibrous, and persistent; in 191 . — 7Wto» deaniym L., 

Trichotropis and some Triton it is Mediterranean, an example of 
« a with a stout and hairy 

furnished with long bristles on a periostracum. xj. 

thick ground (Fig. 191). In fresh- 
water shells it is usually rather thick, in order to protect the 
shell from the erosive powers of certain kinds of water. In 
some cases (^Mya, dnatina) the periostracum is continued over the 
siphons, so as to form a protection throughout their whole length. 


1 Tlie term epidermis, aa distinct from pmostraeum, is properly restricted to the 
outer layer of the skin of the maiUle and body generally. 
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Erosion . — The fresh-vrater Mollusca generally, and marine 
moUusca in a few rare cases (Purpura, Uttorim) are subject to 
erosion, or decay in the shell substance. In univalves erosion 
usually seta in near the apex (Fig. 192), where the life of the 
shell may be regarded as weakest, and in bivalves 
near the umbonea It is commonest in old shells, 
and rarely occurs in the very young. So long as 
the periostracum is present to protect the shell, 
erosion cannot set in, but when once it has been 
removed the shell is liable to the chemical changes 
set up in its substance by water. There is 
abundant evidence to show that erosion is caused 
by pollution of water. Out of many instances 
one must suffice. In a certain stream near Boston, 

Fio 192— Ex- Mollusca occurred, the shells of 

ample of an which were very perfect and free from disease, 
waited stream an alkaline manu- 

{Mdamacon- factory drained its refuse into the water. At and 
below this point for some distance every shell was 
more or less eroded, most of them seriously. 
Farther down, when the alkali refuse became diluted away, the 
shells retained their normal condition.^ 

A small percentage of lime in the water appears to produce 
erosioa The result of some experiments by G. W. Shrubsole, in 
the investigation of this point, may be tabulated as follows : ^ — 

Water from 

River Dee, near Chester 3*00 grs. acted strongly on shells 
Wrexham .... 4-00 grs. „ „ „ 

River Dee, near Llanderyel . 0*53 grs. „ „ „ 

Trent Canal . . .8*33 grs. no action „ 



^ J. Lewis, Proc. Bost. Soc, vi. p. 149. 


® Jmim. of C(mch. v. p. 66. 


CHAPTER X 


6E0GBAPHICAL DISTRIBUTION OF LAND AND FRESH-WATER MOL- 
LUSCA — THE PALAEARCTIC, ORIENTAL, AND AUSTRALASIAN 
REGIONS 

The Molluscs afford specially valuable evidence on problems of 
geographical distribution. This fact is largely due to their 
extreme susceptibility to any change in the conditions of life. 
Gfenera which eure accustomed to live in a certain temperature 
and on certain food, cannot sustain life if the temperature Mis or 
rises beyond certain limits, or if the required food be not forth- 
coming. There is therefore a marked contrast between the 
Molluscs of the tropics and of the temperate zones, while different 
regions in the same latitude, whether within or without the 
tropics, often show great diversity in their fauna. Every region 
is thus charoKterised by its Molluscs. The Molluscs, for instance, 
of Australia or of South Afirica characterise those countries quite 
as much as do the kangaroo and the emu, the hartebeest and the 
ostrich ; there is nothing like them anywhere else in the world. 
In the Greater Antilles the Molluscs stand out beyond all other 
forms of life as characteristic of the islands as a whole, and of 
each separate island in particular. 

The geographical distribution of the land and fresh -water 
Molluscs must be considered quite apart from that of the marine 
Molluscs. The sea offers no such serious barriers to the spread 
of the latter as the land does to the spread of the former. If we 
were to journey to the Azores, and turn our attention to the 
land-snails, we should find them almost wholly peculiar, while 
amongst the sea-sheUs we should recognise many as occurring 
also on our southern coasts, and few that were different from 
those of the Mediterranean. The marine Molluscs of the Sand- 



2/8 LOCALISATION OF GENERA AND SPECIES 


CHAP. 


wich Islands, in spite of the enormous intervening distance, are 
not very diflferent from those of Natal,' but the land Mollusca of 
the two countries are as widely different as is possible to imagine. 

Land Mollusca are, as has been remarked, fettered to the soil. 
Quadrupeds, birds, fishes, and reptiles are provided with organs of 
motion which enable them to overpass barriers of various kinda 
Even plants, although themselves incapable of motion, may be 
conveyed in every direction by means of seeds, which are either 
wafted by the wind or adhere to the skin of animala But the 
Mollusca have no such regular means of transport, and are, in a 
large number of instances, limited to districts of a certain 
character of soil, or producing certain kinds of vegetation. 

The localisation, both of genera and species, occurs all over 
the world. The genus Achatinella, which is peculiar to the 
Sandwich Islands, is found there in a profusion of species. It 
lives in the mountain valleys which radiate from the central 
ridge of each island, and each valley is characterised by its own 
peculiar set of species. The great carnivorous Olandina is 
restricted to Central America and the adjacent parts of the two 
continents, with one or two species in Southern Europe. Bulimus 
proper is restricted to South America ; Achatina to Africa south 
of the Sahara ; Tornatellina to the Pacific Islands ; Cochlostyla 
to the Philippines ; Gylindrella and Bvlimidus are peculiar to the 
New World ; Bvliminus, Nanijia, Scardbus, and Cassidula to the 
Old. 

Extreme cases of this restriction of habitat sometimes occur. 
Thus Limndea involuta is found only in a single small mountain 
tarn in Ireland ; Glaudlia sccdaris along a narrow strip of lime- 
stone in Malta ; Strojphia nana is confined to a few square rods 
on an island that is itself a mere dot in the Caribbean Sea ; the 
genus Gamptonyx occurs only in the neighbourhood of Mt. Gimar, 
in Gujerat ; and Lantzia in moss on the top of a mountain in 
Bourbon. 

Attempts to colonise snails in strange localities have usually 
resulted in failure, especially when the attempt has involved 
serious changes of environment. The common Gochlicella acuta 
of our coasts resists all endeavours to establish it beyond a certain 
distance from the sea. Snails brought from the Biviera and 
placed under almost similar conditions of climate on our own 
southern coasts liave lived for a while, but have very rarely taken 
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permanent root. Mr. H. W. Kew^ has collected a good many 
of these attempts to acclimatise species, the general success of 
which seems to depend almost entirely on a restoration of the 
old conditions of life. 

At the same time there are certain species which exhibit a 
curiously opposite tendency, and which seem capable of flourish- 
ing in almost any part of the world, and under the most varied 
surroundings. Our own common garden snail {Hdix asperm) is 
a striking instance of this adaptability to new conditiona It 
has been established, by art or by accident, in Nova Scotia, Maine. 
South Carolina, New Orleans, California, Mexico city, Cuba, Hayti, 
Cayenne, Brazil, Valparaiso, Cape Town, the Azores, St. Helena, 
Mauritius, Loyalty Islands, and Australia. The great Achatina 
fulica of East Africa has been established first in Mauritius, and 
from thence has been carried to the Seychelles and Calcutta. 
Helix lojctea, a common Mediterranean species, has been carried 
to Teneriffe and Monte Video ; Helix similaris, whose fatherland 
is Eastern Asia, has been transported to Mauritius, Bourbon, West 
Africa, West Indies, Brazil, and Australia ; Ennea hicolor (Eastern 
Asia) to India, Bourbon, Mauritius, West Indies; Stenogyra 
decollata (Mediterranean basin) to South Carolina ; S, Ooodallii 
(West Indies) to British pineries ; Helix horteTms to New Jersey. 
Seven common English species {Limax gagates, Hyalinia cella/ria, 
H cdliaria, Helix asperm, H pulchella, Pupa umiilicata) have 
become naturalised in St. Helena,^ and as many as nineteen in 
Australia.® 

Cases of artificial transport of this kind are readily detected ; 
they follow the lines of trade. The snails themselves or their 
ova have been accidentally enclosed with plants or mould, or have 
adliered to packing-cases, or to hay and grass used in packing. 
Thus they constitute no disturbance to the general rule of the 
persistent localisation of species and genera, and there is little 
fear that the evidence which the geographical distribution of the 
Mollusca brings to bear upon the general problems of distribution 
will be confused by any intermixture of fauna naturally distinct. 

Land Mollima: Barriers to Dispersal. — The chief natural 
barriers to dispersal are extremes of temperature, the sea, 
mountain ranges, and deserts. Eivers, however large, seem of 

> m Dispersal of Shells, pp. 182-195. • E. A. Smith, P.Z.8. 1892, p. 269. 

* C. T. Musson, Froc. Linn, Soe, N, S, Wales (2), v. p. 888. 
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little eiSect in checking dispersal There is no appreciable 
difference between the land MoUusca north and south of the 
Ganges, or north and south of the Amazon. Living snails, or 
their ova, are no doubt transported from one bank to another on 
floating d4bris of various kinds. The barrier offered by the sea 
is obvious, and at first sight appears insurmountable ; but the 
facts with regard to oceanic groups of islands Uke the Azores 
and Canaries (see p. 297) show that even a stretch of salt water 
many hundred miles in breadth may be ineffectual in preventing 
the dispersal of MoUusca. 

Mountain ranges, provided they are too high to be scaled, 
and too long to be turned in flank, offer a far more effective 
barrier than the sea. Every thousand feet upward means a fall 
of so many degrees in the mean temperature, and a change, 
more or less marked, in the character of the vegetation. There 
is generaUy, too, a considerable difference in the nature of the 
climate on the two sides of a great mountain range, one side 
being often arid and cold, the other rainy and warm. The 
combined effect of these influences is, as a rule, decisive 
against the dispersal of Mollumsa. Thus the Helices of Cali- 
fornia are almost entirely peculiar ; one or two intruders from 
states farther east have succeeded in threading their way 
through the deep valleys into the Pacific provinces, but not a 
single genuine Californian species has been able to scale the 
heights of the Cascade Mountains. The land MoUusca of India 
are numbered by hundreds; not one penetrates north of the 
Himalayas. According to Mr. Nevill,^ the change from the 
Indo-Malayan to the so-caUed European moUuscan fauna at the 
northern watershed of the Kashmir vaUey is most abrupt and 
distinct; in two days' march northward, every species is dif- 
ferent. Eanges of inferior altitude, such as the Pyrenees, the 
Carpathians, or the AUeghanies, may be turned in flank as well 
as scaled, and we find no such marked contrast between the 
MoUusca on their opposite sidea 

The most effective barrier of aU, however, is a desert. Its 
scorching heat, combined with the absence of water and of 
vegetable Ufe, check dispersal as nothing else can. The distri- 
bution of the MoUusca of the Palsearctic Begion is an exceUent 
instance of this. Their southern limit is the great desert which 
^ Sdent, JRemUa Sec, Yarkand Ea^ed, *'Mollusoa," pp. 1*16. 
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stretches, with scarcely a break, from the west coast of AMca 
to the extreme east coast of Asia. The Mediterranean offers no 
effectual barrier; shells of southern Europe are found in pro- 
fusion in Morocco, Tunis, and Egypt, while all through Siberia 
to the extreme of Kamschatka the same types, and even the 
same species, of MoUusca occur. 

A detailed examination of the means, other than Yoluntary, 
by which MoUusca are transported from one place to anothei' 
hardly comes within the scope of this work. Ocean currents, 
rivers, floods, cyclonic storms of wind, birds, and even beetles and 
frogs, play a part, more or less considerable, in carrying living 
MoUusca or their ova, either separately or in connexion with float- 
ing debris of every kind, to a distance from their native homa 
Accidental locomotion, of one or other of these kinds, combined 
with the well-known tenacity of Ufe in many species (p. 37), 
may have contributed to enlarge the area of distribution in many 
cases, especially in the tropics, where the forces of nature are 
more vigorous than in our latitudes. The ease with which 
species are accidentaUy spread by man increases the probability 
of such cases occurring without the intervention of human 
agency, and numbers of instances may be coUected of their 
actual occurrence.^ 

A point, however, which more concerns us here is to remark 
on the exceedingly wide distribution of the prevailing forms of 
fresh-water MoUusca It might have been expected that the 
area of distribution in the fresh-water forms would be greatly 
restricted, since they cannot migrate across the land from one 
piece of water to another, and since the barriers between pond 
and pond, lake and lake, and one river system and another are, 
as far as they are concerned, ail but insuperabla We might 
have expected, therefore, as Darwin and Wallace have remarked, 
to find a great multiplicity of species confined to very restricted 
areas, since the possibility of communication with the parent 
stock appears, in any given case, to be so exceedingly remote. 

As is weU known, the exact reverse occurs. The range, not 
merely of genera, but even of individual species, is astonishingly 
wida This is especially the case with regard to the Fulmonata 
and Pelecypoda. The genera Ximwoea, Planorhis^ Physa, Amylmy 
Unio, and Cyclas are world -wida Out of about ten genera of 
^ Mr. H. W. Kew, The qf Shells^ has brought together a very large series. 
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fresh-water Mollusca in New Zealand, one of the most isolated 
districts known, only one is peculiar. In South Africa and the 
Antilles no genus is peculiar. In the latter case^ this fact is 
remarkable, when we consider that the same sub-region has at 
least ten peculiar genera of operculate land Mollusca alone. 

To give a few instances of the distribution of particular 
species : — 

LimTvaea Btagnalis L. occurs in the whole of Europe, and 
northern Asia to Amoorland, Turkestan, Afghanistan, North 
Persia, and Kashmir; Greenland, North America from the 
Atlantic to the Pacific, and from North Canada and British 
Columbia as far south as Texas. The distribution of Z. peregra 
MillL, L, truncatvla MiilL, and Z. palustris MiilL is almost 
equally wide. 

Planorhis alhus occurs in the whole of Eui’ope, and northern 
Asia to Amoorland, Kamschatka, and Japan; Turkestan, the 
Altai-Baikal district, Alaska and Greenland, North Canada, Md 
the whole of eastern North America. 

The distribution of Anodonta anatina L, Cyclas cornea L, 
and Pisidium pusillum Gmel. is almost equally wide. 

It is evident that the accidental means of transport mentioned 
above are insufficient to account for the facts as we find them ; 
we are therefore compelled to seek for further explanation. 
Anything in the nature of a current furnishes a ready means 
of transport for Mollusca which have obtained a footing in the 
upper waters of a river, and there is no diflBculty in imagining 
the gradual spread of species, through the agency of floods or 
otherwise, over a whole river system, when once established at 
any point upon it. The feeble clinging power of newly-hatched 
Limnaea has often been noticed as contributing to the chances 
of their range of distribution becoming extended. Fresh-water 
Mollusca, too, or their ova, are exceedingly likely, from their 
extreme abundance, to be transported by water-birds, which fly 
without alighting from one piece of water to another. Again, 
the isolation of one river system from another is, in many 
instances, by no means well marked or permanent, and a very 
slight alteration of level will frequently have the effect of 
diverting the supplies of one watershed into another. When we 
know what enormous oscillations in level have taken place over 
practically the whole surface of the globe, we can recognise the 
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probability that the whole river system of the earth has been 
mixed up and reconstructed again and again, with a very 
thorough blending of adjacent fauna. 

It is possible that the very uniform conditions under which 
fresh-water MoUusca live may have something to do with the 
uniformity of their distribution and the comparative sameness 
in their development. There can scarcely be any question that 
the environments of fresh -water species are in themselves less 
varied and less liable to fluctuation than those of species whose 
home is the land. Water is very like water, all the world over ; 
it may be running or motionless, warm or cold, clear or muddy, 
but the general tendency is for it to be free from extremes of 
any kind. Even if the surface water of a lake or river freezes, 
or becomes unusually hot, there is generally plenty of water at a 
lower stratum which maintains a less extreme temperature, and 
to which creatures can retire on the first symptoms of a change. 
From this two results will follow. Not only wiU the inhabitants 
of a piece of water not be inclined to vary much from the type, 
since their whole surroundings, food, etc., continue very much 
the same, but, if transported by any accident or cataclysm else- 
where, they will be exceedingly likely to arrive at a place which 
closely resembles their former home in all essentials. Thus the 
tendency for new types to be formed would be constantly 
checked, or rather would very seldom arise. 

Mr. Belt, while recognising the importance of changes of 
level as affecting the distribution of fresh-water species, appears 
to regard the operations of such changes from a rather different 
point of view to that described above. “ I think it probable,” 
he writes,^ “ that the variation of fresh- water species of animals 
and plants has been constantly checked by the want of continuity 
of lakes and rivers in time and space. In the great oscillation 
of the surface of the earth, of which geologists find so many 
proofs, every fresh-water area has again and again been destroyed. 
. . . Thus species of restricted range were always exposed to 
destruction, because their habitat was temporary and their re- 
treat impossible, and only families of wide distribution could be 
preserved.” 

The terrestrial surface of the globe has been divided, as indi- 
^ The NcUuraliat in Nicaroffua^ p. 334 f. 
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eating the &cts of geographical distribution, into six regions — 
the Palaearctic, Oriental, Australasian, Ethiopian, Nearctic, and 
Neotropical To these is sometimes added a seventh, the Neant- 
arctic, consieting of Chili and Patagonia (and certain islands of 
the south Atlantic) ; but since the Mollusca of Chili unmistak- 
ably form a part of the Neotropical fauna, it seems hardly worth 
while to recognise a separate region for those of the extreme 
south of South America, which have no peculiar characteristica 

In certain points the exact limits of these regions, as in- 
dicated by the Mollusca, will probably not correspond to those 
which are marked out by other zoological classes. Wallace’s line, 
for instance, does not exist, as far as the Mollusca are concerned. 

These regions may be further subdivided into sub-regions, 
thus : — 


Regions 

Palaearctic 

Oriental 

Australasian 


Bub-regions 

I Septentrional 

< Mediterranean 
I Central Asiatic 
J Indo-Malay 

I Chinese 

I Papuan 

< Australian 
( Polynesian 


Regions 


Sub-regions 


Ethiopian j 
Nearctic \ 


Neotropical k 


f Central African 
South African 
Malagasy 
American 
Californian 
' Antillean 
Central American 
Colombian 
Brazilian 
^ Chilian 


A. The Palaearctic Region 

The southern boundary of this region is the northern limit of 
the African Sahara, the Mediterranean forming no break what- 
ever in its continuity. In Asia this boundary is less well 
marked, but roughly corresponds to the southernmost of the vast 
ranges of mountains which border the great tablelands of central 
Asia Across Africa the line of desert is well defined ; but in 
the north-east, as the desert approaches more nearly to the sea, 
the African extent of the region is correspondingly narrowed 
until it becomes little more than a strip of coast land, scarcely 
widening even in Lower Egypt. On the Morocco coast, 
Palaearctic land forms penetrate as far south as Cape Nun.^ 
At its eastern extremity the line becomes less well defined, but 
' Morelet, Journal de Conch, 1875, p. 184. 
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probablj proceeds along the snow 7 moontains west of Setohouaa, 
the Pe-ling and Tan-sia-shan ranges, so as to include all the 
high ground of Thibet and of the upper waters of the Hoai^-ho, 
and ultimately reaches its eastern limit at some point on the 
shores of the Sea of Japan. 

The region thus includes all Europe, Africa north of the 
Sahara, with the Atlantic islands (the Azores, Canaries, etc.). North 
Arabia, Asiatic Turkey, the greater part of Persia, Afghanistan, 
Thibet, all Asiatic Russia, and a very large portion of the Chinese 
empire. 

The principal characteristics of the region as a whole are : — 

(1) The rich development of Hdias, Avion, Limax, Bvliminus, 
and Clanmlia. 

(2) The comparative absence of land operculates (see map, 
frontispiece). 

(3) The uniform character of the fresh-water fauna. 

It is in the southern portion of the region that Helix (in the 
sub-genera Macvlaria, nevus, Fomatia, and Xerophila) and Bidi- 
minus (Zeirina, Chondrvla, Ena) attain their maximum. In 
the north, Frutieicola is the characteristic group; in the 
mountainous districts of the south - east, Ccmpylaea, with 
Clausilia. The Arionidae have their headquarters in the 
damp and warm regions of western Europe, but are rare in the 
south. They only approach the Mediterranean coast in Algeria, 
near Gibraltar, and in the region between the base of the 
Pyrenees and the Maritime Alps, and are very poor in species 
throughout Italy and Sardinia They are absent from almost the 
whole of northern Africa, the Mediterranean islands (except 
Sardinia), the whole Balkan district, the Crimea, Caucasus, and 
western Asia^ 

The uniformity of the fresh-water fauna is disturbed only in 
the extreme southu A few species of Melanopsii with Neritina, 
occur in southern Spain and Austria, Galicia, and southern 
Russia, while a Melania or two (absent from Spain) penetrate the 
south-eastern parts of Europe as far as Germany. Cyvena begins 
to replace Cyclas in southern Russia and the Caucasus. 

The Palaearctic region falls into three sub-regions : — 

(1) The Northern or Septentrional Snb-region, i.e. the dis- 

‘ Follonera, BoU. Mus. Zod. Torino, ▼. 1890, No. 87. 
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trict north of the line formed by the Pyrenees/ Alps, Carpathians, 
and which, passing to the northward of the Aralo-Caspian district, 
follows the great central mountain range of Asia until it reaches 
the Sea of Japan, perhaps somewhere in the neighbourhood of 
Vladivostok* 

(2) The Mediterranean Snb-region, i-e, the countries border- 
ing on the Mediterranean, the Black and Caspian Seas, with the 
Atlantic Islands. 

(3) The Central Asiatic Sab<region, i,e. Turkestan, Afghani- 
stan, Thibet, and probably the districts of Mongolia and 
Manchuria.^ 

(1) The Septentrional Sub-region has been divided by some 
writers into two provinces, the European and the Siberian. 
There seems, on the whole, but little occasion to separate off 
northern Asia, the characteristic of which is, as will be seen 
below, rather the gradual disappearance, as we proceed eastward, 
of European species and genera, than the development of any 
new and peculiar groups. The remarkable fauna of Lake Baikal 
stands apart, not only from European, but also from the Siberian 
types occurring in its immediate neighbourhood. 

On the whole, the Septentrional Sub-region is poor in species 
except those which inhabit fresh water. This fact is probably 
due to the extreme vicissitudes of temperature wliich prevail, and 
it is interesting to notice that the number of land Mollusca 
appears to touch its lowest point in districts where the annual 
range of temperature is greatest. On the other hand, in the 
western portions of the region, where the climate is moist and 
temperature more equable, the Mollusca are considerably more 
abundant and varied. 

The line which separates the Septentrional from the Mediter- 
ranean Sub-region must of necessity be very roughly drawn, and 
stragglers from the south will be found to make their way north- 
ward, and vice ver$d, under favouring circumstances of tempera- 
ture and geological formation. Jordan has noticed ^ that species 

^ South and south-western France, however, belong to the Mediterranean Sub- 
region. 

‘ The coast-line of north-east Chino, including Corea and Japan to north Niphon, 
is much more definitely tropical than the a4jacent inland districts. The coast-line, 
therefore, must be pla^ in the Oriental Region, while the inland districts belong 
to the Palaearctic Region. 

* CefUralbl. ii. p. 208. 
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which in southern countries are not confined to any particular 
quality of soil are in more northern latitudes found only on 
limestone, which absorbs more heat than other formationa Con- 
versely, the higher elevations of the Alps, Pyrenees, and even 
Carpathians are like islands in a sea, and support a thoroughly 
northern fauna, quite strange to that of the plains below. Thus 
Helix harpa Say, a completely boreal shell, which is at home in 
Canada, Sweden, Lapland, and the Amoor district, is found on 
the Eiffel Alp, at a height of 6000 feet.^ Vertigo arctica Wall., 
a species abundant in Lapland, North Siberia, Iceland, and Green- 
land, occurs on the high Alps of the Tyrol. 

Circumpolar Species. — A certain number of species are Common 
to the extreme north both of the Palaearctic and Nearctic regions, 
and are, in fact, circumpolar. The number of these species, how- 
ever, is so small, not exceeding about 40 species (=16 genera), 
that it seems hardly worth while creating a special sub- 
region for their reception, particularly as no genus is peculiar. 
At the same time the fact is instructive as illustrating the close 
connexion of the northern districts of the two regions, a connexion 
which was no doubt more intimate in recent geological times than 
it is now. 

The circumpolar genera are as follows. The list decisively 
sets forth the superior hardiness of the fresh-water as compared 
with the land genera : — 

Valvata . 1 sp. Helix . . 4 sp. Succinea . 1 sp. Physa . . 1 sp, 

Bithynia . 1 „ Patula. . 2 „ Limuaea . 7 „ Anodonta. 1 „ 

Vitrina . 1 „ Pupa . . 3 „ Planorbis . 5 „ Unio . . 1 „ 

Hyalinia . 4 „ Cionella . 1 „ Aplecta . 1 „ Pieidium . 1 „ 

Great Britain. — There are in all about 130 species — 83 land, 
46 fresh- water ; Limnaea involuta (mountain tarn near Killarney) 
appears to be the only peculiar species. There are 11 Hyalinia, 
6 Arion, and 25 Helix, the latter belonging principally to the 
sub-genera Xerophila, Taxhea, Trichia, and FruticicolcL Three 
Testojcella are probably not indigenous, but are now so well estab- 
lished as to reckon in the total. Of the four Clausilia two reach 
Ireland and one Scotland ; two do not occur north of the Forth. 
There are only two land operculates, one of which {Cyclostoma 
degans) occurs in Ireland but not in Scotland, while the other 
{Acicula lineata) reaches the southern counties of Scotland. 

‘ Craven, Joum. de Cfonchyl, (3) xxviii. p, 101. 




288 


GREAT BRITAIN — FRANCE 


CHJtP. 


Several species^ ag. Bdion pomatia, H. ohvoluta^ H. revelata^ JST* 
M. pimna, Bvlindnua montatms, are reBtricted to the 
more southern or western counties ; Geormlcu^us maotdoms is con- 
fined to a district in south-western Ireland. 

The Pleistocene beds of East Anglia contain a number of 
species now extinct in these islands^ whose occurrence appears to 
indicate a warmer climate than the present. Such are Helix 
rvdercUa, H fruticurriy H incarnata, Clmsilia pumila, Unto 
littoraliSy Hydrohia marginatay and Corhicvla flumifudis. 

Scandiriavian PeniTisfulcu — From Norway 121 species in all 
are recorded, and 148 from Sweden. The milder climate of 
Norway allows many species to reach a considerably higher lati- 
tude than in Sweden, thus in Sweden Limax maximum only 
reaches 62°, but in Norway 66° 50'. Similarly Arion hortensia 
and BcUea perversa only reach 63° and 61° respectively in 
Sweden, but in Norway are found as far north as 69° and 67® 
50'. Clausilia is represented by 9 species in southern Norway; 
one of these is foimd north of the Arctic circle. There are 
4 Pupa, 9 Vertigo, and 11 Hyalinia, but Helix dwindles to 14, 
9 of which occur north of the Arctic circle. No land operculates 
are found; Cyclostoma elegans, however, occurs in Jutland and 
Zealand, which practically form a part of this district. 

Iceland. — ^Eleven species, all Scandinavian, occur. These are 
Arion 2, Limax 1, Helix 2 {ariustorum L. and hor tends MulL,the 
latter being found only on the warmer southern coast), Limnam 
1, Planorbis 1, Pisidium 4. 

France. — The northern, central, and eastern districts belong 
to this sub-region, while the southern and western, in which an 
entirely new element occurs and many northern forms disappear^ 
belong to the Mediterranean. Thus, for instance, Helix pomaUa 
Lu, H. incarnata MtQL, H. fruticum MlilL, H. cantiana Mont, H. 
strigella Drap., H. rufescens Penn., H. pleheia Drap., are not 
found in southern France. No detailed enumeration of species 
is at present possible, the efforts of a large niunber of the leading 
French authorities being directed to indiscriminate species-making 
rather than to the careful comparison of allied forma Per- 
haps the principal difference between the Mollusca of northern 
France and those of our own islands is the occurrence of two 
species of Pomatias. In the more elevated districts of eastern 
France (the Vosges, Jura, western Alps), a certain number of 
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species occur which are confined to the high grounds of south 
central Europe. Among these are Helix holoserica Stud^; JK 
personata Lam., H hidens Chem., H depUata Drap., H cdbreda^ 
Alt., H alpina Faure. 

The Pleistocene deposits of the valley of the Somme tell the 
same tale as those of eastern England, containing as they do 
species and even genera whose northern range is now much more 
limited. The Eocene fossils from the Paris beds show most re- 
markable relationships to genera now existing in the West Indies 
and central America. Others again indicate affinities with India. 
Thus we find Ceres, Megalomcbstoma, and Tudora by the side of 
Leptopoma, Faunus and Palvdomus, 

Germany, — The Mollusca of the plains of northern Germany 
are few and not striking, and exhibit little difference from those 
of our own islands. In the mountainous districts of the south 


and south-east, a number of new 

forms iKiCiiu*, amongst which are 3 

species of Daudehardia, a remarkable 

carnivorous form, with the general . 

appearance of a Vitrina ; 24 of Clau- ^ ^ 

srha, many Pupa, several Buliminus, : sk, shell ; p.o, pulmonary 

0 of the Campy laea group of Helix, '>rifice. (After Pfeiffer.) B, shell 

straggl(?rs from the Italo-Dalrnatian 

fauna, and 1 of Zonites proper. Our familiar Helix aspersa is 
entirely aljsent from Germany. There are only 4 land oper- 
ciilates — Pomatias 2, Acicula 1, Cyclostoma 1, all of which occur 
exclusively in the south. Bithynella and Vitrella, two minute 
forms of fresh-water operculates akin to Hydrobia, occur through- 
out the district. 


North erYh Russia and Siberia, — This vast tract extends from 
eastern Germany to the Amoor district. It is exceedingly poor 
in Mollusca, and is chiefly characterised by the gradual disap- 
pearance, as we proceed eastward, of European sixH^ies. There 
are a few characteristic Silierian Mollusca, closely allied to 
European forms, and in the extreme east a new element is 
introduced in the apjiearanee of types which indicate Chinese 
affinities. The wlude district may l»e regarded as hounded to the 
south by a line drawn from I/uiil»erg to Moscow, and thence to 
Perm; imssing south of the Ural mountains, it includes the 
whole liasins of the rivei's Obi, Yenesei, and Lena, coinciding witli 
VOL. HI u 
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the vast mountain ranges which terminate to the north the table- 
land of central Asia, at the eastern extremity of which it dips 
sharply southwards, so as to include the Amoor basin and Corea. 

All the larger Helices are wanting, and no land operculates 
occur. Hdix arhuBtorum L., H. nemoralis Miill., H, lapicida L, 
H, acvleata MiilL, and Hyodinia nitidvla Drap., do not appear to 
occur east of the Baltic ; Arion fuscus Miill., Helix strigella Drap., 
BvliminuB ohscunis Miill., Clausilia laminata Mont., C, hidentata 
Bttg., (7. plicatvla Drap., Viviparus fasciatuB Miill., and Neritina 
flvmatilis L, do not pass the Urals. 

In the Obi district (West Siberia) a further batch of European 
species find their easterly limit. Among these are Helix hispida 
L., Bithynia tentdculata L., Vivipara vivipara L, Piddium amni- 
cum Miill., and Unio tumidus Eetz. A few distinctly Siberian 
species now appear, e.g. Ancyltus dhiricus Gerst., Valvata dbirica 
Midd., and Vitrina rugulosa Koch. 

The following are among the European species which reach 
eastern Siberia : Hyodinia nitida MtilL, Succinea oUonga Drap., 
Planorhis vortex L., spirorhis L., marginatus Drap., rotundatuB 
Poir.,/onton«4S Light., Valvata piscinalis Bithynia ventri- 

cosa Leach, and Anodonta variabilis Drap. Here first occur such 
characteristic species as Physa dbirica West., P. a^nigma West., 
Helix pauper Gld., H Stuxbergi West., H Nordenskibldi West., 
Planorhis borealis Lov., Valvata aliena West., Cyclas nitida Clesa, 
and C. levinodis West. In the Amoor district a decided 
Chinese element makes its appearance in a few hardy forms 
which have penetrated northward, e.g. Philomycvs bilineatus 
Bens., and a few each of the Fruticicola (Chinese) and Acusta 
groups of Helix. Out of 53 species, however, enumerated from 
this district, as many as 33, belonging to 18 genem, occur also 
in Great Britain. 

Lake Baikal. — The MoUusca of Lake Baikal exhibit distinct 
characteristics of their own, which seem to indicate the long- 
continued existence of the lake in its present condition. 
Several entirely peculiar genera occur, which are specialised 
forms of Hydrohia^ e.g. Baikalia, Liohaikalia, Gerstf zldtia^ Dyhow-^ 
skia, and Mamkia ; Benedictia alone extends to the basin of the 
Amoor. Choanomphalus, another peculiar and ultra-dextral (p. 
250) genus belonging to the Limnaeidae, appears to be related to 
the West American Garinifex. 
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(2) The Mediterranean Bnb*region is divided into four 
provinces: (a) The Mediterranean province proper; (6) the 
Pontic ; (c) the Caucasian ; and (d) the Atlantidean province. 

(a) The Mediterranean province proper is best considered 
by further subdividing it, with Fischer and others, into separate 
districts, each of which has certain peculiar characteristics. 

(i) The Hispano-Algerian district inckides the greater part 
of the Iberian peninsula, the Balearic Islands, and northern 
Africa from Morocco to Tunis. The extreme western parts of 
these districts, including West Morocco, Portugal, Asturias, and 
south-west France, under the influence of the moist climate 
caused by the Atlantic, show some peculiar features which, in the 
view of some, are sufficient to justify their separation from the 
rest of the Hispano- Algerian portion. Among these is a marked 
development of the slugs, Testacella, Arion, and Geomalacns, the 
latter of which occurs even in south-western Ireland. 

Spain. — The principal features are the development of the 
Moucularia, Iberus^ and Gonostoma groups of Helix, and the occur- 

Fio. 194. — A, Parma- 
cdla VcUencienaii 
W. and B. xj. 
(After Moquin- 
Tandon. ) A', shell 
of the same, natu- 
ral size. 


rence of the remarkable slug Parmacella, which is found in many 
other parts of the sub-region, and extends eastward as far as 
Afghanistan. Clansilia has but few sjiecies, mostly in the north. 
There are four species of land operculates, one of which is 
referred to a genus {Tudora) now living only in the West 
Indies, but which occurs in the Eocene fossils of the Paris 
basin. In the south there are several species of Melampsis and 
Neritina. 

The States of Northern Africa have a thoroughly Mediterranean 
fauna, whose facies on the whole shows rather more affinity to 
Spain tliaii to Sicily. The Helices of Morocco and Algeria 
belong to the same groups as those of southern Spain. Many 
are of a dead white colour, the lietter to resist the scorching 
efiect of the sun. Ferussacia is abundant, Geomcdacus and Par- 
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mmella axe represented by a single species each, and there is one 
Clausilia, According to Kobelt,^ the original land connexion 
between southern Spain and Morocco must have been much 
more extensive than is usually assumed, and probably reached at 
least to the meridian of Oran and Cartagena. The Mollusca of 
Oran and Cartagena are, according to him, much more closely 
related than those of Oran and Tangier, or those of Cartagena 
and Gibraltar, but at Cartagena some species, which are charac- 
teristic of the Mediterranean coasts from Syria westward, dis- 
appear, are absent from the rest of Spain and from Morocco, 
but reappear on the south-western coasts of France. These 
species may possibly have pushed along that arm of the sea 
which, when the Straits of Gibraltar were closed as far as the 
latitude of Oran and Cartagena, united in comparatively recent 
times the Bay of Biscay with the Gulf of Lions. 

The following genera, which do not occur in Spain, have 
probably spread into northern Africa as far as Algeria, via 
Sicily and Tunis, namely, Glandinu (1 sp.), Dandehardia (1 
sp.), Pomatias (2 sp.). Tunis shows strong traces of Sicilian 
influence, and Kobelt found a colony of snails, of Sicilian affini- 
ties, as far west as Tetuan. 

The Sahara, — The Algerian Sahara contains, in many places, 
a sub-fossil Molluscan fauna which appears to show that the 
district has, in quite recent times, undergone a gradual desicca- 
tion. The species are mainly fresh-water, including Melania, 
Melanopsis, and Corhicula, with here and there valves of Cardium 
edule, and indicate, on the whole, an affinity with recent Egyptian, 



A B 

Fiti. 195. — Characteristic shells of S. 
France : A, Helix [Macularia) ninenais 
Fer. ; B, Leucochvoa candidiaainia 

Drap. 


rather than North African species. 
It is probable that a vast series 
of itangs, or brackish-water lakes, 
once stretched along this region, 
and were ultimately connected 
with the sea somewhere between 
Tunis and Egypt. 

(ii) Southern Frarvce, — The 
southern portion of France 
bordering on the Mediterranean 


contains many sj>ecieR, esi»ecially of Helix, whicli do not occur in 


the centre and uortli. Amongst these are — . 


^ Jahrh. Devisdi, Malak. Gcacll, viii. p. 278. 
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Leucochroa candidissima Drap. 
Hyalinia olivetorum GnieL 
Zonites algirus L. 

Helix rangiaxia DcbIi. 

„ serpentina F^r. 

„ niciensis F<5r. 

„ splendida Drap. 

„ vermiculata Mull. 

„ melanostoraa Drap. 

,f aperta Bom. 


Helix ciliata Yen. 

„ ex])lanata Mull. 

„ ajncina Lam. 

„ cespitum Drap. 

„ Terverii Mich. 

„ py rami data Drap, 

„ trochoides Poir. 

Ferussacia folliculus Gion. 

Rumina decollata L. 

Pupa megacheiloB C. and J. 


Several species of fresh-water Hydrohia {Bithynella) ocx3ur. 
The district, on the whole, unites certain 
characteristics derived from northern Italy 
with those of eastern Spain. 

(iii) The Italo - Dalmatian district in- 
cludes Italy and the neighbouring islands 
(Corsica, Sardinia, Sicily, Malta), and the 
regions at the head and north-eastern shores 
of the Adriatic (Carinthia, Carniola, Croatia, 
and Dalmatia), the line which separates these pio. i96.— //f/wCPoma- 
latter districts from the fauna of southern ce^ho wing 

Austria, Bosnia, and Servia being very diffi- phragm. 
cult to define. 

Italy y with the neighbouring islands, has a rich molluscan 
fauna. In the sub- Alpine districts of northern Italy the promi- 
nent Helix groups are Cam/pylasay Fomatia, and Anchisto7na, 
which in the south are generally replaced by Iherus, which here 
attains its maximmn development. Large Hyalinia are abund- 
ant in the north, and Pomatias and Glausilia are frequent all 




Fig. 197, — ffelix {Campylaea) zmeUa Fio. 198. — Helix {Uyerns 

Stud., Piedmont. Mull., Florence. 


along the Apennines. Sicily has about 250 species, half of 
which are peculiar. Helices of the Tberus type abound, but 
Campylaea is reduced to two species. Many peculiar forms of 
Clausilia occur, especially a latticeil tyi^e of great beauty. Ferus- 
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sacia and Pupa are well represented, and there are one each of 
Glandina and Dmidehardia. 

Dalmatia and the adjacent districts are chiefly remarkable 
for the rich development of Clamilia, which here attains its 
maximum (nearly 100 species). The Campylaea section of 

t A Helix is represented by its handsomest forms, 

M many of which are studded with short 

hairs. Here too is the headquarters of 
Zonites proper, which stretches westward 
as far as Provence, and eastward to Asia 
Minor ; and also of the single European 
Glandina, which has a similar eastward 

FIO. 199 . -A. clauMia spreads westward through Italy 

crasaicasta Ben., and Sicily to Algeria, not occurring in 

France. The land operculates are 
matia ; B', clausilium chiefly represented by Pojnatias, and among 
the fresh- water operculates are a Melania 
and a LitlioglypUus, the latter having probably spread from the 
betsin of the Danube. 

(iv) The Egypto-Syrian district extends along the south- 
eastern shores of the Mediterranean from Tripoli to North Syria, 
and eastward to the Euphrates valley. Lower Egypt alone 
belongs to this portion, the fauna of Upper Egypt being of an 
entirely tropical character, and belonging to the Ethiopian 
Region. 

Lower Egypt . — The Mollusca of Lower Egypt stand in the 
unique position of belonging, half to the Palaearctic, and half to 
the Ethiopian Region. The land Mollusca are of a distinctly 
Mediterranean type, while the fresh-water, directly connected as 
they are by the great highway of the Nile with regions much 
farther south, contain a large admixture of thoroughly tropical 
genera {Ampullaria, Lanistes, Melania, Cleopatra, Corhicula, 
Cyrena, Iridina, Spatha, Mutela). The Helices, which are not 
numerous, are rather a mixture of circum-Mediterranean species 
than of a specially distinctive character. H desertorum, how- 
ever, belonging to the group Eremophila, is characteristic. There 
is a single Parmacella, but the physical features of the country 
are unfavourable to the occurrence of such genera as Clausilia, 
Pupa, Hyalinia, and the land operculates. 

Syria . — The Mollusca, especially in the more mountainous 
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regions of the north, are much more varied and numerous than 
those of Egypt. Clav^lia is again fairly plentiful, and the 
Helicidae are represented by some striking 
forms of the sections Levantina, Pomatia, 
and Nummvlina. Lemochroa has several 
curious types with a constricted aperture, 
and the Agnatha are represented by Libania, 
a peculiar form of Paudehardia, A promi- 
nent feature is the occurrence of a number 
of large white Puliminus of the Petraeus 
section (Fig. 200). I^nd operculates appear 
to be absent, but Melanopsis and NeritiTia 
are abundant. The Dead Sea contains no oiiv., Beyrout ; B, 
Mollusca, blit Lake Tiberias has a rich 
fauna, including the above-mentioned genera, Bxith., Palestine, 
with a Corhicula and several Unto. 

Upper Mesopotamia appears to possess a mixture of Syrian 
and Caucasian forms, including a ParmcLcella, Lower Mesopo- 
tamia has an exceedingly poor land fauna, but is comparatively 
rich in fresh-water species, the growing eastern character of 
which is shown by the occurrence of several Corhicula and 
Pseudodon, and of a Neritiim of a distinctly Indian type. 

(6) The Pontic province extends from Western Austria to 
the Sea of Azof, and includes Austria, Hungary, Roumania, the 
Balkan peninsula (so far as it does not form part of the Mediter- 
ranean sub-region), the islands of the Greek Archipelago, southern 
Russia and the Crimea, and Asia Minor. It thus practically 
corresponds to the whole Danube basin, together with the lands 
bordering on the Black Sea, except at the extreme east, which 
belongs to the Caucasian sub-region. Fischer separates off Greece, 
Asia Minor (except the northern coast-line), and the intervening 
islands, with Crete and Cyprus, as constituting a portion (Hel- 
lado- Anatolic) of the Mediterranean sub-region proper. These 
districts, however, appear to possess scarcely sufficient indi- 
viduality to warrant their separate consideration. 

A prominent characteristic of the Pontic Mollusca is the 
great abundance of Clausilia and Buliminvs. In the islands 
east and west of Greece Clausilia forms a large proportion of the 
fauna, each island, however small, possessing its own peculiar 
forms. The Helices belong principally to the groups Campylaea 
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(which is very abundant in Austro-Hungary), Pomatia (Greece 
and Asia Minor), and AnchisiomiL Macularia is comparatively 
scarce, but is represented in Greece by one very large form 
(CodringtorUi Gray). Zonites proper has its metropolis in this 
sub-r^ion, and the Danube basin contains one or two species of 
Melania and Lithoglyphns. Bvliminue is abundant throughout 
the sub-region, in the sub-genera Zebrina, Napasus^ Mastue, and 
Chondrvla. Several striking forms of Zehrina (JEna) are peculiar 
to the Crimea. 

(c) The Caucasian Province. — The limits of this province 
can hardly be exactly defined at present. It appears, however, 
to include the whole line of the Caucasus range, Armenia, and 
North Persia 

The land Mollusca are abundant and interesting. Am ong 
the carnivorous genera are four species of Daudeiardia, a Olandina, 
and three peculiar forms of naked slug, Pseudomilax, Trigono- 
chlamys, and Selenochlamys. There is a single Parmacella, the 
same species as the Mesopotamian, and a good many forms of 
Zimax. Vitrina and Hyalinia are well represented, and the pre- 
dominant groups of Helix are Evlota, Cartudana, Xerophila, and 
Fruticocampylasa, the last being peculiar. Claudlia and Pupa 
are rich in species, together with Bviiminus of the Chondrula 
type. One Claudlia of the Phaedusa section, together with a 
Macrochlamys (Transcaspian only), a Corhicula, and a Cyclotus, 
show marked traces of Asiatic affinity. There is one species each 
of Acicula and Cyclostoma, and one of Pomatias. 

The Caspian Sea, like Lakes Baikal and Tanganyika, is dis- 
tinguished by the possession of several remarkable and peculiar 
genera. The sea itself, the waters of which are brackish, is 80 
feet below the level of the Black Sea, and is no doubt a relict of 
what formed, in earlier times, a very much larger expanse of 
water. Marine deposits containing fauna now characteristic of 
the Caspian, have been found as far north as the Samara bend of 
the Volga. It is probable, therefore, that in Post-pliocene times 
an arm of the Aralo-Caspian Sea penetrated northward up the 
present basin of the Volga to at least 54° N. The Kazan 
depression of the Volga (55° N.) also contains characteristic 
Caspian fossils.^ According to Brusiiia,^ the Caspian fauna, 

* NetchAyeif, Kaaan Sae. Nai, xvii. faBc«‘5. 

^ Faufm dvr Cimgvrim-Sckichten^ p. 142. 




MADEIRA AND THE CANARIES 


297 


ad a whole, id closely related to the Tertiary fauna of southern 
Europe. 

Twenty-six species of univalve Mollusca, the majority being 
modified forms of Hydrolia, have been described from the Caspian, 
namely, Micromelania (6), Caspia (7), Clemnia (3), Nermtwrella 
(3), Lithoglyphus (1), Planorhis (1), Zagrahica (1), Hydrohia (2), 
Neriiina (2). The bivalves are mostly modified forms of Cardivm 
{IHdacna, Adacna, MonodoLcnd), which also occur in estuaries 
along the north of the Black Sea. A form of Cardium edule 
itself occurs, and numberless varieties of the same species are 
found in a semi-fossil condition in the dry or half dry lake-beds, 
which are so abundant throughout the Aral district. 

(d) The Atlantidean province consists of the four groups of 
islands, the Madeiran group, the Canaries, the Azores, and the 
Cape Verdes. 

The Madeiran group contains between 140 and 150 species 
of Mollusca which may l)e regarded as indigenous, the great 
majority of which are peculiar. Only 
1 1 species are common to Madeira and jA 

to the Azores, and about the same 
number, in spite of their much greater ® 

proximity, to Madeira and the Canaries. 

No less than 74 species, or almost 
exactly one-half, belong to Helix, and * 

9 to Patula. A considerable number 
of the Helices are not only specifically c 0 

but generically peculiar, the genera Fic. 201. -Characteristic laiid 
bearing close relationship to those 


group; A Helix {Irus) lad- 

occurring in the Mediterranean region. Lowe, Madeira ; B,^rc/ia: 

. 1.1 n • ♦ I j. (Hystricella) turricula Lowe, 

As a rule they are small in size, but Porto Santo ; 

often of singular beauty of ornamenta- iFoWrwioni Lowe, Porto ^to; 

{Cormana) delphi- 

tion. Various forms of Pupa are ex- nuloides Lowe, Madeira, 
ceedingly abundant (28 sp.), as is also 

Ferussacia {\2 sp.). There are also 3 Clausilia (which genus 
occurs on this group alone), and 3 Vitrina (a genus which occurs 
on all the groups). The land opereulates are I'epresented solely 
by 4 Craspedopoma, which is common to all the groups except 
the Cape Verdes. 

The Camries have about 161) s^iecies, only about a dozen of 
which are not peculiar. As many as 75 of these belong to 



298 


THE ATLANTIC ISLANDS 


CHAF. 


Hdix (the sub-genera being very much the same as in the 
Madeiran group), and 11 to Patvlcu There is 1 species of 
Parmacella (which occurs in this group alone), and 6 of Vitrina, 
of considerable size. A remarkable slug {Plectrophoms) was 
described from Teneriffe by F^russac many years ago, but it has 
never been rediscovered, and is probably mythical, or wrongly 
assigned. Buliminus {Napaeua) has as many as 28 species, all 
but one being peculiar, and Ferusmcia 7. Cyclostoma has two 
indigenous species, which, with one Hydrocerui and one Craspedo- 
poma, make up the operculate land fauna. 

The Azores are comparatively poor in Mollusca, having only 
52 species, nearly two-thirds of which are peculiar. Helix has 
15 species, Paivla 4, and Pupa 8. Fenmaeia, so abundant in 
Madeira and the Canaries, is entirely absent, its place being 
taken by Napaeus (7 sp.), which is curiously absent from 
Madeira, but richly represented in the Canaries. There are 7 
Vitrina, while the land operculates consist of one each of 
Craspedopoma and Hydrocena, A singular slug (Plutonia), with 
an ancyliform internal shell, is said to occur. The group was 
long believed to possess no fresh-water Mollusca, but two species 
(one each of Pisidium and Physa) have recently been discovered. 

The Gape Verdes, owing to the extreme dryness of their 
climate, are poor in land Mollusca. There are 1 1 Helix, nearly 
all of which belong to the group Leptaxis, which is common to 
Madeira and the Canaries. Ferussacia is absent, Buliminus is 
represented by a single species, and there are no land operculates. 
Ethiopian influence, however, as might be expected from the 
situation of the group, is seen in the occurrence of an Ennea, a 
Melania, and an Isidora. 

It will be noticed how little countenance the moUuscan fauna 
of these island groups gives to any theory of an Atlantis, any 
theory which regards the islands as the remains of a western 
continent now sunk beneath the ocean. Had ' Atlantis ' ever 
existed, we should have expected to find a considerable proportion 
of the Mollusca common to all the groups, and perhaps to Europe 
as well, and there would apparently be no reason why a genus 
which occurred in one group should not occui* in all As a fact, 
we find the species extremely localised throughout, and genera 
occur and fail to occur in a particular group without any 
obvious reason. All the evidence tends* to show that the islands 
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ai'e purely oceanic, and have been colonised from the western 
coasts of the Mediterranean, i.e, from the direction of the piwail- 
ing currents and winds. 

(3) Oentral-Asiatic Sub-regioxL — The countries included in 
this vast sub- region are Turkestan, Songaria, Afghanistan, including 
the Pamirs, Western Thibet, and probably Mongolia. Kashmir 
belongs to the Indian fauna. At present the whole district is very 
imperfectly known ; indeed, it is only at a few points that any- 
thing like a thorougli investigation of the fauna has been made. 
It is therefore almost prematuie to pronounce any decided opinion 
upon the Molluscs, but all the evidence at present to hand 
tends to show that they belong to the Palaearctic and not to 
the Oriental system. This is especially the case with regard 
to the fresh-water Molluscs, many of which are specifically 
identical with those occurring in our own islands A slight 
admixture of such widely distributed types as Corbicrda and 
Melania occurs, but is not sufficient to disturb the general 
European facies of the whole. It is possible that eventually 
the whole district may be regarded as a sub-region combining 
certain characteristics of the eastern portions of the Mediter- 
ranean basin with an extension of the septentrional element, due 
to higher elevation and more rigorous climate. The principal 
features in the land Mollusca appear to be the occurrence of a 
number of Buliminus of the Najpaeus group, a few Parmacella 
(Afghanistan being the limit of the genus eastward), Clausilia, 
Pupa, Limax, and Helix, with several stray species of Macro- 
chlamys. 


B. The Oriental or Palaeotropical Region 

This region includes all Asia to the south of the boundary 
of the Palaearctic region, that is to say, India, with Ceylon, 
Burmah, Siam, and the whole of the Malay Peninsula, China 
proper, with Hainan and Formosa, and Japan south of Yesso. 
It also includes the Andamans and Nicobars, and the whole of 
Malaysia, with the Philippines, as far eastward as, and includ- 
ing Celebes with the XuUa la, and the string of islands south 
of the Banda Sea up to the K4 la The Moluccas, in their two 
groups, are intermediate between the Oriental and Australasian 
regiona 
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In this vast extent of land two distinct centres of influence 
are prominent — the Indian and the Chinese. Each is of marked 
individuality, but they differ in this essential point, that while 
the Chinese element is decidedly restricted in area, being, in fact, 
more or less confined to China itself and the adjacent islands, 
the Indian element, on the other hand, extends far beyond con- 
tinental Asia, and embraces all the Malay islands to their 
farthest eastward extent, until it becomes overpowered by the 
Papuan and Australian fauna. Upper Burmah, with Siam, forms 
a sort of meeting-point of the two elements, which here inter- 
mingle in such a way that no very definite line of demarcation 
can be drawn between them. 

Thus we have — 


1 1. l7\dO‘Malay Suh-Eegion 

Oriental Region ^ 


2. Chinese Svh-Region 


(a) Indian Province. 

I (h) Siamese Province, 
j M Malay Province. 

{(d) Philippine Province, 
(a) Chinese Province. 
((6) Japanese Province. 


The Indo-Malay fauna spreads eastward from its metropolis, 
but has practically no westward extension, or only such as may 
be traced on the eastern coasts of Africa and the off-lying islands. 
There appears to exist no other case in the world where the 
metropolis of a fauna is so plainly indicated, or where it lies, 
not near the centre, but at one of the ends of the whole area of 
distribution. 

Comparing the two sub-regions, the Chinese is distinguished 
by the great predominance of Helix, while in the Indo-Malay 
sub-region Nanina and the related genera are in the ascendancy. 
In India itself there are only 6 genera of true Helicidae, poorly 
represented in point of numbers; in China there are at least 
three times this amount, most of them abundant in species. 
The Indo-Malay sub-region, on the other hand, is the metropolis 
of the Naninidae, which abound both in genera and species. In 
the Chinese sub-region Clauailia attains a development almost 
rivalling that of S.E. Europe, while in India there are scarcely 
a dozen species. A marked feature of the Indo-Malay sub-region 
is the singular group of tubed land operculates (Opisthoporus, 
PUroeyclm, etc.). In China the group is only represented by 
stragglers of Indian derivation, while the land operculate fauna, 
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as a whole, is distinctly^ inferior to the Indian. Another char* 
acteristic group of the Indo-Malay region is Amphidromus, with 
its gaudily painted and often sinistral shell ; the genus is entirely 
absent from China proper and Japan, where its place is taken 
by various small forms of the Bidiminus group. Fresh-water 
MoUusca, especially the bivalves and operculates, are far more 
abundant in the Chinese sub-region than in the Indo-Malay. 

(1) The Indo<Malay Sub-region. — (a) The Indian Province 
proper includes the peninsula of Hindostan, together with Assam 
and Upper and Lower Burmah. To the east and extreme north- 
east, the boundaries of the province are ill-defined, and the fauna 
gradually assimilates with the Siamese on the one hand and the 
Chinese on the other. Eoughly speaking, the line of demarca- 
tion follows the mountain ranges which separate Burmese from 
Chinese territory, but the debatable ground is of wide extent, 
and Yunnan, the first Chinese province over the border, has 
many species common with Upper Burmah. 

The gigantic ranges of mountains which bound the sub- 
region to the north-west and north limit the extension of the 
Indian fauna in those directions in a most decisive manner. 
There is no quarter of the world, even in W. America, where a 
mountain chain has equal effect in barring back a fauna. In 
the north of Kashmir, where the great forests end, there is a 
most complete change of environment as the traveller gains the 
summit of the watershed ; but Kashmir itself distinctly belongs 
to the Indian and not the Palaearctic system. The great desert 
to the south of the I'unjab is equally effective as a barrier towards 
the west. 

The MoUusca of India proper include a very large number of 
interesting and remarkable genera India is the metropolis of 
the great family of the Naninidae, or snails with a caudal mucus- 
pore, which are here represented by no less than 14 genera and 
over 200 si>ecies. The genera Macrochlamys, Sitala, Kaliella, 
Ariophanta, Oirasia, Austenia, and Bwrgella are at their maxi- 
mum. Helvn is scarcely represented, containing only about 30 
inconspicuous species (leaving Ceylon out of account). Bulimimts 
is abundant, especially in the north. The Stenogyridae are 
represented by GlessvXa, which is exceedingly abundant in India, 
but has only a few straggling representatives in the rest of the 
Oriental region. Among the Pupidae is the remarkable form 
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Boyaia, with its twisted upturned mouth, while ZithoHs is a 
peculiar form allied to Succinea, to which group also probably 
belongs Camptonyx, a limpet-like form with a very small spire, 
pevtuliar to the Kattiawar peninsula. Camptoceraa, an extra- 
ordinarily elongated sinisiral shell, with a loosely coiled spire, is 
peculiar to the N.W. Provinces. 

Among the fresh-water pulmonates is an Ampvllarina, a genus 
only known elsewhere from the Fiji Is. and E. Australia. Crem- 
noeonnhus is a form of littori'm, peculiar to the W. Gh&ts, 
which has habituated itself to a terrestrial life on moist rocks 
many miles from the sea. The fresh-water operculates include 
the peculiar forms Mainwaringia, from tlie mouth of the Ganges 
(intermediate between Melania and Palndomus), Stomaiodon, 



Fin. 202. — Characteristio Tiidian Mol- 
lusca : A, Ilypselostonia tubtferum 
Blanf. ; B, Camptoceras terehra Bens. ; 
C, Camptonyx Theobaldi Bens. 


Fio. 203. — Streptftxia 
Perrottiti Pfr., Nil- 
ghiri Hills: A, adult; 
A', young form. 


Zarina, Fossarulus, Tricula, and otliers. The bivalves are neither 
numerous nor remarkable ; Velorita, a genus of the Cyrenidae, is 
peculiar. 

The land operculate fauna of India is singularly rich and 
varied. About 25 genera, and at least 190 species, occur. Here 
we find the metropolis of Cyclophorus among the larger forms, 
and of Diplommatina and Alycaem among tlie smaller. A large 
proportion of the operculate genera are quite peculiar to the 
extreme south of India and Ceylon. The appearance of a few 
species of the European genus Pomatias is very remarkable. 

The carnivorous genera are poorly represented. A few Ennea 
occur, while Streptaxis is practically confined to the extreme 
south and north-east. 
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Land and Fresh-water Mollusca of India proper 


Streptaxis . . . 

9 

Trachia . . 

12 

Limnaea . . 

7 

Streptanlus 

1 

Kniida .... 

8 

Thysanota . 

1 

Gamptoceras . 

3 

Coptocbiliis 

. 8 

Holicarion . . . 

16 

Camaena . . 

1 

Planorbis . . 

10 

Alycaeos . 

49 

OiiBsia .... 

14 

Amphidromus 

2 

Ampullarina . 

1 

Lagoohilus 

1 

Aufltenia . . . 

11 

Boysia . . 

1 

Melania . . 

17 

Cyclophorcis 

12 

Ibyous .... 

1 

Petraeus . . 

14 

Mainwaringia 

1 

Scalaina . 

1 

AfHoarion . . . 

2 

Cerastus . . 

6 

Paludomus 

10 

Micraiilax . 

2 

Dnrgella . . . 

4 

Bachis . . 

5 

Stomatodon . 

1 

Jerdonia . 

10 

Ariophanta . . 

15 

Cylindrus 

1 

Larina . . . 

1 

Spiracnlum 

4 

Xesta .... 

8 

Pupa . . . 

16 

Cremnoconcbua 8 

Otopoma . 

1 

Maoroohlamys 

78 

Hapalus . . 

4 

Fairbankia 

2 

Cyolotopsis 

2 

Microcystis . . 

7 

Olaiisilia . . 

10 

Tricula . 

1 

Georissa 

1 

Sitala .... 

20 

Subulina . . 

2 

Bitbynia . . 

9 

Modiola 

, 1 

Ealiella . . . 

35 

Opeas . . . 

6 

Fossarulus 

1 

Soapbula . 

. 1 

Hemiplecta . . 

15 

Glessula . . 

49 

Stenothyra 

3 

Unio . . 

. 40 

Sesara .... 

3 

Geostilbia 

3 

Vivipara . . 

4 

Solenaia . 

, 1 

Troohomorpha 

5 

Succinea . . 

11 

Valyata . . 

1 

Cyrena 

. 18 

Troohomorphoides 

1 

Lithotia . . 

2 

Ampullaria 

4 

Spbaerinm 

. 1 

Parmaoella (?) . . 

1 

Vaginula . . 

1 

Assiminea . . 

9 

Pisidiam . 

. 6 

Tcbennophorus . 

1 

Camptonyx . 

1 

Acmella . . 

2 

Velorita . 

. 2 

Anadenus . . . 

4 

Goelostele 

1 

Pomatias . . 

4 

Tanysipbon 

. 1 

Plectopylis . . . 

11 

Caryobium . 

3 

Diplommatina 63 

NoTaoulina 

. 1 

Plectotropis . , 

3 

Ancylus . . 

1 

Pupina . . 

1 

Nausitora . 

. 1 


The Cingalese district, which almost approaches the character 
of a distinct province, presents several remarkable points of 
dissimilarity from the rest of India. It consists of the island 
of Ceylon, and of a portion of S. India whose exact limits have 
yet to be defined. It appears, however, that the Western or 
Malabar coast, with the hills parallel to it, is more akin to 
Ceylon than the Eastern or Coromandel coast. The Travancore, 
Malabar, and S. Canara districts, with the Palnai, Anamalai, 
and Nilghiri Hills, are markedly Cingalese, while there seems to 
be no distinct evidence of similar relationship on the part of the 
Madras or even the Cuddalore district. 

Among the principal features of the Cingalese district is the 
occurrence of three peculiar genera of Helix, one (Acavus) large 
and finely coloured, another (Gorilla) smaUer, with a singularly 
toothed aperture. While the Gorilla group shows relations with 
Plectopylis and other Burmese and Siamese sub-genera Acavus 
(Fig. 204) is totally distinct from any other Indian form, and 
shows signs of close relationship, in the great size of the 
embryonic shell, to the Helices of Madagascar (p. 335), In 
Ceylon the group is entirely isolated, and its occurrence, besides 
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decisively separating that island from India, Burmah, and 
Siam, forms a most interesting problem in the history of dis- 
tribution. Euryatoma, with a single species (jR vittata Midi.), 
is also peculiar. 

As usual when Helix gains ascendancy, the Naninidae retrogresa 
Durgella, Auatenia, and Girasia are absent altogether, while 
Macrochlamys, Sitala, Kaliella, etc., are present in greatly 
diminished numbers. The sub -genus Beddomea is peculiar, a 
form directly related to Amphidromus (Siam and Malacca)* 
The fresh-water operculate Philopotamis is peculiar, but for one 


Fiii. 204. — Ifelix (Aca- 
vi4s) WcUtoni IU»eve, 
Ceylon, show in em- 
bryonic shell {emby, 
x|. 


species found in Sumatra ; while Tanalia is (juite peculiar. But 
the forms which, next to the Helices, most emphasise the separa- 
tion of the Cingalese district are the land operculates. There 
are eleven genera or subgenera of laud 0}*ercalcil.e8 whicli do not 
occur in the rest of India proper. Two {Aulopoma and Cataidus) 
are qidte peculiar, while the other nine are represented in 
Eunnah, Siam, and the Malay islHiids, but not in India. On 
the other hand, Jliplomniatina and Alyemns, so profusely abun- 
dant in India, have not yet been discovered in Ceylon. Among 
the slugs, Tenneniia is a peculiar genus, whose nearest relation 
occurs in the Seychelles. 



Genera and Subgenera occurriiuj in the Cingalese District, 
bn I not in N. and Central Irulia 


Streptaxis 

Teimentia 

Acavus 

Kurystoiim 

Oorilla 


Beddomea 

Philopotamis 

Tanalia 

Theobaldius 

Leptopomoifles 


Craspedotropis 

Pterocyclus 

Aulopoma 

Ditropis 

Cyatlioponifi 


Mychopoma 

Cataulus 

Nicida 

Opistliostoma 


The district consisting of Upper Burmah, Pegu, Tenasserim, 
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Hiid Aracan, while essentially a part of the Indian province, 
contains several Siamese genera which are not found in India 
proper, as well as several which are at present peculiar. 
Amongst the former category are, of Helicidae, a single repre- 
sentative each of the genera Canmena (Siamese and Chinese) and 
Aegista (Chinese). Influence of the same kind is seen in the 
increased numbers of Plectopylis (14 sp.) and Plectotrapis (5 sp.), 
of Clavsilia (10 sp.) and Amphidromvs (5 sp.), 
and of the large tubed operculates (11 sp. in all). 

Semra and Sophina among the Naninidae are strange 
to India, while Hyalimax is common only to the 
Andamans, Nicobars, and Mascarene Is. Hypselo- 
stoma (Fig. 202, A) is a most remarkable genus of 
the Fupidae, reminding one of Amstoma of the 
New World. It is peculiar to the peninsula, but 
for one species in the Philippines. Among the 
Pupinidae, we have the peculiar Baphavlus and 
Hyhocystis (Fig. 205), a very remarkable form, of 
which another species occurs at Perak. T^oHdiciiMi fio. 205.— Nyfto- 
mark the most westward extension of the genus 
on the mainland. In the extreme north of Upper and ^uit. 
Burmah, Indian and Chinese forms intermingle. 

The Burmese district, together with the Indian and Siamese 
provinces, is pre-eminently the home of a group of Mollusca, 
originally of marine origin, which have permanently habituated 
themselves to a brackish or fresh-water existence. They belong 
to widely different families, and even Orders. Besides Cremnocon- 
chus mentioned above, we have, among the bivalves, Nova^tdina, 
a Soleti living in fresh water in the Ganges, Irawadi, and 
Tenasserim estuaries ; Scaphvla, an Area, one species of which 
occurs in the Ganges hundreds of miles above the tideway (see 
Fig. 9, p. 14); and Martesia, a Pholas from the Irawadi Delta, 
CUa (which also occurs in Java and Sumatra) is probably an 
estuarine Comindla; a Tectura has earned the name flvminalu 
from its exclusive residence in the Irawadi It; Iravadia is 
probably a Rissoina of similar habits, occurring from Ceylon 
round to Hong-Kong ; SroHa is a Cerithium from an affluent of 
the Biver Salwin, and Canidia is a Na&sa, occurring in the 
embouchures of rivers from India to Borneo. Nowhere else in 
the world is there such a collection — ^not exhausted by this list 
VOL. Ill X 
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— of marine forma caught in process of habituation to a fresh- 
water or even a land existence. 


The Andaman and Nicohar Islands possess no peculiar features 
in their land Mollusea. They are closely related to the adjfic'eiit 
coasts of IjOwer Burmah. Amphidromu» (2 sp.) occurs in the 
Andamans alone, and Clavsilia (2 sp.) in the Nicohars alone, 
while Hyalimax occurs in both groups. A remarkable Helix 
(codonodes F^r.) from the Nicohars appears to find its nearest 
relations in the isolated group from Biisuanga and Mindoro (p. 
315). Land operculates are abundant, in the Nicohars actually 
outnumbering the pidmonates (28 to 22). Helicina and Om- 
phalotropis, genera characteristic of small islahds, are found on 
both groups. 

(h) The Siamese Province includes the area oc^cupied by the 
districts known as Siam, l^aos, Ckmbodia, C'ochin Cliina, Annani, 
arid Toriquin. Along the whole of its northern frontier, the 
zoological is no more than a i»olitical boundary, while on the 
east the mountain ranges which part Siam from Pegu and 
Tenasserim are not <jf sidticient height to offer any effecitive 
barrier to distribution. The ])n»vince is accordingly (jualified to 
a considerable extent i)y Indian and (diinese eleinenls. 

Streptaxis is, but foi* three Ennca, the sole representative of 
the carnivorous genera, and attains its maximum in the Old 
World. Partly owing to (Chinese inffuence, the llelieidtie, witli 
11 genera and 46 species, l)egin to regain tluir jxisition as 
compared with the Naninidae (12 genera, 54 species). Of the 
Helicidae, Aeusta and Hadra a])pear now for the first time, and, 
with Plectotropis, Stegodera, and Clausilia, form a marker! 



Chi nese eleinen t. Ampkidroimis, 
with 33 sixfcies, is the most char- 
acteristic land pulmonate. Several 
genera, whose nucleus of distribu- 
tion lies among the islands farther 
east, appear to liave penetrated as 
far as these coasts. Such are CVi/o- 
ritis, Camaena^ and Obbina among 
the Helicidae, Troehomorpha, and, 


Fiq. 20e.--OifciophoniA sujtmensts of the operculates, Helwtna. 

Sowb., Siam. t i ^ *11 

Jjind ojx?rculate8 are very richly 


develoj)ed. In all, there are 17 genera and 104 sj)eoieB known. 
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The tubed operculates attain their maximum, and Cyclophorm 
is even more abundant than in India. Fresh -water bivalves 
abound. Dipsos and Pseudodon are common to China, and Unio 
and Anodonta are profusely represented. A curious resemblance 
to S. America appears in this group, a single Mycetopus occurring, 
the only species not Brazilian, while Arconaia appears very closely 
to approach the Hyria of the same locality. Several genera 
of the Hydrohia type (Pochydrohioy Jvilienia, Chlorostracia) are 
peculiar. 


Land and Presh-water Mollusca of the Siamese Province 


Streptaxis . 

20 

Chloritis 

8 

Faunus . . 

1 

Leptoponia 

10 

Ennea . . 

3 

Dorcasia . . 

1 

Bitbynia . . 

9 

Lagochilus 

6 

Helicarion . 

7 

Oamaena 

. 6 

Wattebledia 

1 

Pupina . 

8 

Microc 3 ’'stis 

3 

Hadra 

5 

Stenothyra . 

4 

Hybocystis 

3 

Sesara (?) 

1 

Obbina . 

. 1 

Hydrobia . 

1 

Aly^eus 

6 

Medyla . 

1 

Airiphidromiis33 

Pachydrobia 

9 

Cataulus (?) 

1 

Xesta 

4 

Bocourtia 

. 2 

Jullienia 

6 

Diplommatina 2 

Macrochlamye 

6 

Buliiuinua . 

. 4 

Lacunopsis . 

6 

Helidna . 

. 4 

Kaliella . . 

5 

Hypselostouia 2 

Chlorostracia 

4 

GeoriBsa . 

. 2 

Hyalinia (?) 

1 

Tonkinia 

1 

Vivipara . . 

39 

Modiola (f. w.) 2 

Hemiplecta . 

14 

Clausilia . 

16 

Valvata . . 

1 

Dreissensia . 

. 3 

Ehysota . . 

2 

Opeas 

7 

Ampullaria . 

15 

Anodonta 

. 17 

Trochomorpha 

6 

Spiraxis (?) 

2 

Assiminea . 

7 

Mycetopus 

. 1 

TrochomorphoidesS 

Subulina 

I 

Procyclotus . 

6 

Pseudodon , 

. 18 

Plectopylie . 

5 

Succinea . 

4 

Dasytherium 

2 

Dipaas 

4 

Stegodera 

2 

Vagmula 

7 

Opisthoporus 

5 

Unio . . 

64 

Plectotropis 
Trachia . . 

12 

Limnaea 

7 

Rhiostoma . 

7 

Arconaia 

1 

3 

Planorbis 

6 

Myxostoma . 

1 

Cyrena . . 

, 6 

Fruticicola . 

2 

Canidia . 

13 

PterocycluB . 

7 

Batissn 

1 

AciiiBta . . . 

2 

Melania . 

39 

CyclophoruB 

28 

Corbicula 

35 


(c) The Malay Province includes the peninsula of Malacca 
south of Tenasserim, and the series of islands beginning with 
Sumatra and stretching eastward up to the K4 la, besides 
Borneo and Celebes. The Philippines form a separate province. 
The Malay province is singularly poor in representative 
forms, whether we regard it as a whole or consider the islands 
separately. Not a single genus, with the exception of Phodina 
(Malacca), appears to be peculiar. The contrast with the West 
Indies is in this respect very striking. Java, for instance, 
which is well explored, and almost exactly eleven times the size 
of Jamaica, has about 100 species of land Mollusca, while 
Jamaica has about 460. 
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This want of individuality in the land Mollusea of the Malay 
islands is accounted for by a consideration of the sea depths 
which separate them from the Asiatic mainland. The accom- 
panying map, the red line on which is intended to show what 
would be the result of an elevation of the sea bottom for no 
greater amount than 100 fathoms, exhibits clearly the fact that 
these islands are practically a part of Asia, a large stretch of very 
shallow sea extending between Siam and the greater part of the 
north-west coast of Borneo. 

In all probability the three great islands of Sumatra, Java, 
and Borneo were united with the mainland of Asia, and 
with one another, at a period, geologically speaking, com- 
paratively recent. This follows from the general uniformity of 
their land Mollusea, both as regards one another and as regards 
the mainland. Nor do the smaller mem- 
bers of the island series — Bali, Lombok, 
Sumbawa, Flores, Timor, and Timor Laut — 
show any marked individuality in the 
possession of peculiar genera. Wallace's 
line is absolutely non-existent, so far as 
the land Mollusea are concerned. The 
noticeable break in distribution 
comes with the Aru Is., for while the 
Tenimber group (Timor Laut, etc.) are decidedly Malay, and the 
K6 Is., in the poverty of our information, imcertain, the Aru Is. 
are as Papuan as New Guinea itself. The profound depths of the 
Banda Sea to the north, and the Timor Sea to the south, appear 
to have kept the islands from Flores to Timor Laut free from the 
intrusion of any Moluccan or any considerable Australian element. 
The Moluccas, as has been already remarked, besides possessing 
considerable peculiarities of their own, unite a mixture of the 
Malay and Papuan elements, and serve as a sort of debatable 
ground for the meeting of the two. 

The Malay peninsula is practically another island of some- 
what the same shape and general trend as Sumatra, and about 
one-half the size. Its general relations — and the remark applies 
to the great Sunda Islands as well — appear to be rather more 
with Burmah, Tenasserim, and even the Cingalese district, than 
with Siam. Points of connexion between Ceylon and Sumatra, 
and Ceylon and Borneo, have already (p. 304) been brought out. 
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It seems not impossible, from the point of view of the land 
Mollusca only, that the Sunda Islands may at one time have 
strfetohed much farther into the Bay of Bengal, prolonged, per- 
haps, into what ar^ now the Andaman and Nicobar groups, 
while Ceylon and the western side of the Deccan, united into one 
continuous piece of land, and possibly separated from N. India by 
a wide stretch of sea, extended farther eastward in a long island, 
or series of islands. ^ 


Java, from its Mollusca, does not appear to hold the compara- 
tively isolated position which its mammals and birds seem to 
indicate. Borneo, on the other hand, is more Siamese than Java 
or Sumatra in respect of a group whose metropolis is Siam, 
namely, the tubed operculates ; for while that section is repre- 
sented by 3 species in Sumatra and only 2 
in Java, in Borneo it has as many as 19, 

JSkio&toxfia not occurring in the two former 
islands at all. Mycaeus, Lagochilus, Pupina, 
and Cyclophorus are found throughout, but 



Hybocysiis (Malacca, 1 sp.) does not quit the 

mainland. Borneo is remarkably rich in 

land operculates, especially noticeable being 

the occurrence (11 sp.) of Opisthostoma ° 

(Fig. 208), a most extraordinary form of 

land shell (Ceylon, Siam), of Diplommatina 

(17 sp.), and Baphaidus. The occurrence OpUthoa«m 

of a single Papuina (Moluccas eastward) is Cookei E. A. Smith, 

verv TPTnarkfthlp Boniw ; B. Ojnstho- 

very remarKaoie. grandispinomm 

Amphidromus is a genus characteristic Q.-A., Borneo. Both 
of the great Sunda Islands, attaining its 
maximum in Java (12 sp.). The Indian Glessula still has 
one species each in Sumatra, Java, and Borneo. One species 
of Streptcuxiia ^ occurs in Malacca, but Ennea (3 sp.) reaches as 
far east as Borneo and the Philippines. Parmarion, Helicarion, 
Ariophantai and other groups of the Naninidae are well repre- 


Oookei £. A. Smith, 
Borneo ; B, Oj^atho- 
stoma grandispinoaum 
O.'A., Borneo. Both 
x8. 


^ Streptaxis is a remarlcable instance of a mainland genns. Although abundant 
in the Oriental, Ethiopian, and Neotropical regions, it never seems to occur on any 
of the adjacent islands, except in the case of Trinidad (1 sp.), which is practically 
mainland. Oniplialotropis, on the other hand, is the exact reverse of Stnpiaxis 
in this respect, occurring all over Polynesia and the Malay Is., as far west as Borneo, 
as well as on the Mascarenes, but never, save in a doubtful case from Cliluo, ou the 
mainland of Asia, Australia, or Africa, 
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sented. Hemiplecta and Xesta are abundant and large, while the 
Bhysota of Borneo contain some huge sinis- 
tral forms. Bhodiria is a remarkable form 
from Malacca, whose exact generic position 
is not yet settled. Clamilia has a few species 
on all tlie islands, the last occurring on 
Ternate, and a single Papuina (Moluccas 
and N. Guinea) occurs in Borneo. 

Tlie Idand of Celebes marks the be- 
ginning of a distinct decrease in the Indo- 
Malay element. The Naninidae lose ground, 
in proportion to the Helicidae, Macro- 
chlarm/s, for instance, being represented by 
pei'versus species, and Hermplecta by four. 

Other characteristic genera of the Indian 
region dwindle, such as Amphidromus, Claudlia, the tubed 
operculates, and Cyclophoru,% while Hitala, Kaliella, Glessula, 
and Plectotropis disappear altogether. Comparing the total 
numbers of Naninidae and Helicidae from Sumatra to New Guinea, 
we obtain this interesting result : 

Sumatra Java Borneo Celebes Moluccan N. Guinea 

Nanina (all genera) 26 32 61 22 36 40 

fi'eZix (all genera) 7 11 13 14 55 91 

It will be noticed that the proportion of Naninidae to Helicidae, 
which has been nearly 4 to 1 in Sumatra, falls to 3 to 1 in Java, 
and rises again to 4 to 1 in Borneo (showing the essentially con- 
tinental character of the island) ; in Celebes it further falls to 3 
to 2, while in the Moluccas the scale turns and Helix has the 
advantage by about 8 to 5, and in N. Guinea by more than 
2 to 1. 

There is the same absence of marked features of individuality 
in Celebes as in the islands dealt with above. Not a single 
genus is peculiar. The nature of the sea bottom between Borneo 
and Celebes, with its indications of a somewhat broad l)ridge over 
an otherwise deep channel of separation, would seem to account 
for and suggest the true explanation of the facts as tliey stand. 
At the same time, there are indications of a certain amount of 
contrast l)etween N. and S. Celelnjs. The Indian elmnent, which 
constitutes the preponderating majority ol' the fauna, is common 
to north and south alike. But the north part of tlie island; in 
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which Obba and Obbina occur, shows decided relationship with the 
Philippines, while the occurrence of three Chloritis and one 
Planispira tend to approximate S. Celebes rather with the 
Moluccas. 

The islands eastward of Jana, from Bali to Timor Laut and 
the Tenimber Is., present no trace of individual peculiarities; 
they simply carry on the Indo-Malay fauna as though along a 
great peninsula. Even Timor, surrounded as it is on all sides by 
sea of profound depth, shows no sign of possessing even one 
peculiar genus. Amphidromm, perhaps the most characteristic 
of all Indo-Malay genera, occurs throughout, diminishing in 
numbers as we go eastward (Bali, Lombok, and Sumbawa 4 sp,, 
Timor 2 sp., Timor Laut 1 sp.), while Flectoiropis reaches no 
farther than Flores and Timor. The tubed operculates are alto- 
gether wanting. In Timor Laut we have Moluccan influence 
appearing in 3 Chloritis, and there is one (supposed) Corasia. 
Two Helices of a marked Australian t}^ {Bhagada) occur, one in 
Flores, the other on Dama I., south-west of Timor. The con- 
figuration of the sea bottom (see map) would lead us to believe 
that the north-west coast of Australia once stretched a good 
deal nearer to these islands. 

The Molvdxas, taken as a whole, constitute a transition region 
between the Indo-Malay and the Papuan faunas, uniting, to a very 
considerable extent, the features of both. They fall into two 
well-defined groups. The northern, or Ternate group, consists of 
Gilolo (Halmahera), Batchian, and the outlying islands as far 
south as and including Obi major. The southern, or Amboyna 
group consists of Buru, Ceram, Amboyna, and the chain of islands 
to the south-east of Ceram, as far as, and including the K4 Is. 

The Ternate group shows decidedly closer relations with New 
Guinea than the Amboyna group. Thus, among the Helices, the 
markedly Papuan genus Papuina is represented by 7 species in 
the Ternate group, but by 1 in the Amboyna group. Again, the 
Cristigibba section of Planispira, which is a Papuan form, has 
4 representatives in the northern group, but only 1 in the 
southern. Certain points of connexion with Celebes come out in 
the southern group which are wanting in the northern ; thus of 
Chdoritis there are 8 species in Amboyna, 0 in Ternate, 3 in 
Celebes, 

In tlie Moluccas the Helicidae, for the first time as we move 
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eastward from India, gain the ascendancy over the Naninidae, the 
numbers being, Helix 55, Nanina 36. If we take the groups 
separately, we find that in the Amboyna group the proportion is 
22 to 23, while in the Ternate group it is 33 to 13, an addi* 
tional proof that the Amboyna group is far less Papuan than the 
Ternata Of Manispira, the most characteristic sub-genus of 
Helix, there are 12 species in the Ternate group, and 5 in the 
Amboyna. The section Phania, which contains 4 species of the 
finest Helices known, is quite peculiar to the Ternate group. 
One species of Ohhina, a sub-genus markedly Philippine, occurs in 
each group. Several of the Indo-Malay land operculates (e.g. 
iHtropis) reach their limit here, and here too we have the last 
Clausilia (strangely absent from the Amboyna group). Amphi- 
dromus is not reported on sufficient authority to warrant its 
insertion in the list. 


Land Mollusca of the Moluccas, (T = Temate, A = Amboyna ^ group) 


Helicarion . 

1 A 

Cristigibba . 

1 A, 4 T 

1 A, 1 T 

Faunus . . 

1 A 

Euplecta 

1 A 

Obbina . 

Vivipara . . 

1 A 

Xesta . 6 A, 

4 T 

Phania . 

4 T 

Acmella 

1 A 

Macrochlamys 

1 A 

Albexaia . 

3 T 

Diplommatina . 

4 A, 2 T 

Lamprocyetia 4 A, 2 T 

Oamaena 

1 T 

Registoma . 

1 T 

Macrocycloides 

4 A 

Papuina . 

1 A, 7 T 

Pupinella . 

1 A 

Sitala 

1 A 

Pupa . . 

3 A 

Gallia . . 

2. A 

KolielU . . 3 A, 1 T 

Vertigo , 

2 A 

Leptopoiiia 

4 A, 5 T 

Trochomorpha 3 A, 3 T 

Clausilia 

1 T 

LagochUus 

1 A, 1 T 

Endodonta . 

1 A 

Opeas . . 

4 A, 4 T 

Ditropis 

3 A 

Patula . . 

1 A 

Subulina 

1 A 

Cyclotus 

4 A, 6T 

Plectotropis . 

1 T 

Tomatelliua 

1 A 

Omphalotropis 

3 A 

Eulota 

1 A 

Vaginula . 

1 A 

Georissa 

1 T 

Chloritis . 

8 A 

Melania 

18 A, 4 T 

Helicina . . 

6 A, 3T 


Planispira .5 A, 12 T 

(d) The Philippine Province, — In the extraordinarily rich 
development of their Mollusca, the Philippines form a remark- 
able contrast with the poverty of the adjacent Malay islands. 
No less than 727 species of land Mollusca alone are known from 
the group, amongst which are included some of the finest and 
handsomest forms yet discovered. The main features of the 
fauna are Indo-Malay, with the addition of a certain Australasian 

' The Amboyna group has been much the better explored. Common to both 
groups are one sp. each of Kdlidla, T^odicmcrpha, Opeas, LepVopvim, Cydotue^ 
Udidna, 
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element, and a remarkable development of individual character- 
istics. 

The principal indigenous feature is the profuse abundance of 
the genus Cochlostyla, a group of large and elegant land shells, 
partly helicoid, partly bulimoid in shape, many of the species of 
which are covered with a curious hydrophanous epidermis. They 
are in the main of arboreal habits, living in the tops of the 
enormous forests which cover the greater part of the islands. 
As many as 247 species, belonging to 15 sub-genera, have been 
described. 

The distribution of the sub-genera of Cochloatyla on the 




Fio. 210. — Cochlostyla ( Chry- 
mlis) mindoroensis Brod., 
Mindoro, Philippines. 


Fro. 211 . — Cochfostyla {Ortho- 
styliis) Portei Reeve, Luzon. 

xj. 


different islands of the Philippine group affords important 
evidence on the geological relation of the islands to one another. 
Thus we find Orthostylus and Hypselostyla occurring in the 
central islands and S. Luzon, but not in Mindanao or Mindoro ; 
we find Chrysalis j^eculiar to Mindoro, Prochilus to Mindoro 
and the Cuyos, Ptychostyla to Luban, all these being sub-genera 
of very marked characteristics. Six out of the fifteen sub-genera 
are entirely absent from Mindanao, although occurring on the 
islands in the immediate vicinity. The little group Tablas- 
Eomblon-Sibuyan are entirely deficient in certain sub-genera 
which (xjcur on the islands surrounding them on all sidea^ 

^ A. H. Cooke, P. Z, S. 1892, pp. 447-469. 
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Other forms peculiar to the Philippines are J)iaphora, a 

section of Enmea with a curi- 
ously produced mouth, and 
several sub-genera of the 
Naninidae(f^i7rinicorm5, Vit- 
rinoidea, Hemitrichia), The 
great Rhysota here find their 
metropolis. Another very 

marked group of Helix is 
Fia. 212.-Zrrfi* ( 0 ^^) Brort., j 9 35 

species \mng peculiar. 

The Helicidae proper of the Philippines are still held in 
check, as in the greater part of the Indian region, by the 
Naninidae. The single TraeJiia and Rlectotnpis, and the 2 
species each of Plectopylis and Saisuma, indicate affinities with 
Indo-Chiiia. Further important Indian relatioiishijys are seen 
in the great Nanina and Cydophorus, which here attain almost 
Indian dimensions ; in Kaliella (8 sp.), Sitala (2), Clausilia 
(1). Among the operculates we still have 1 Alycaeus and 1 
Coptochilus. Singularly enough, several Indian genera which 
occur here are not found in the intervening islands of Borneo, 
Sumatra, or Java, e.g. ^treptaxis, Hypselostoma,I)itropu, Acmella, 
and Cyathopoma. The curiously tubed Malay operculates, 
Opisthoporus, etc., fail to reach the Philippines proper, although 
occurring in Borneo and N. Celebes ; one of them reaches Palawan. 
The strikingly Malay genus AmphMromus reaches Palawan, but 
no farther (I sp.), while 2 species reach Mindanao, and one of 
these penetrates as far as Bohol and S. Leyte. Amongst the 
slugs, Mariaella occurs again only in the Seychelles, and Tennentia 
only in Ceylon. 



Land, and Fresh-ivater Mollusca of the Philippines 


Streptaxifl 1 
Ennea . .10 

Mariaella 3 
Tennentia 1 
Helicarion . 2 1 
Vitrinopsis . 5 

Vitrinoidea . 1 

Rhysota . .17 

Trochonaniiia 2 
EuplecUi . . 28 


Heniiplecta . 1 1 
Hemitrichia 1 5 
Xesta ... 2 

Mocrochlamys 5 
Microcystis . 3 

Lainprocystis 17 
Bensonia . . 4 

Vitriniconus 16 
Sitala ... 2 

Kaliella . . 8 


Trochoinorpha 21 

Eiidodonta I 

Plectopylis 3 

Plectotropis . 1 

Aulacospira , 3 

Pupisorna . . 1 

Saisuma . 2 

Dorcasia . 2 

Chloritis . . 7 

Obbina . .19 


Papuina . . 1 

Phoenicobius . 7 

Coclilostyla 247 
Amphidroraus 2 
Hapalus , 4 

Hypselostoma 1 
Pupa ... 4 

Clausilia . . 1 

Subuliua . . 3 

Prosopeas . . 2 
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Opeas . . . 

4 

Melania . 

50 

Hargreaveaia . 

1 

Cyathopoma . 

5 

GeoBtilbia 

1 

Pirena 

2 

Gallia . . . 

2 

Cyclotas . . 

19 

Tomalellina 

1 

Bithynia . 

1 

Pupinella . . 

3 

Omphalotropis 

3 

Succinea . . 

3 

Vi vi para . 

7 

Helicomorpha 

4 

Helicina . . 

18 

Vagin ula 

2 

Ampullaria 

5 

Coptochilus . 

1 

Georifisa . . 

3 

Ancylua . . 

1 

Acmella . 

2 

Alycaeus . . 

1 



Limnaea . . 

3 

Diplommatina41 

Leptopoma 

42 

Anodonta . . 

1 

Planorbis 

3 

Arinia . . 

6 

Lagochilus 

11 

Cyrena . . . 

3 

Phyea . . 

2 

Pupina . . 

5 

CyclophoruB . 

31 

Corbicnia . . 

7 



Registoma . 

7 

Ditropis . . 

7 




Islands adjcLcent to the Philippines. — The Philippines are 
connected with Borneo by two distinct ridges or banks of eleva- 
tion, which enclose between them the Soo-loo or Mindoro Sea. 
There can be little doubt that these ridges represent the 
ancient highway of transit, by which Indo-Malay species passed 
into the Philippinea The depth of the sea on either side is 
profound, ranging from an average of about 1000 fathoms west 
of Palawan to 2550 olf the south-west coast of Mindanao. 

It appears that the fauna of the Soo-loo ridge is definitely 
Philippine up to and including Bongao, Sibutu, and Bilatan, the 
last islands at the Bornean end of the ridge. On these are found 
two species of Cochlostyla and an Obhina. 

The Palawan ridge may also be described as more or less 
Philippine throughout. One species of Cochlostyla occurs on 
Balabac, just north of Borneo, and two on Palawan, but these 
are perhaps counterbalanced by the definitely Indo-Malay Amphi- 
dromus and Opisthoporus (1 sp. each). At the northern end of 
the ridge, on Busuanga and Calamian, the Philippine element 
predominates. 

Representatives of two remarkable groups of Helix {Camaena 
and Phoenicohius) occur along the Palawan ridge and in Mindoro. 
The Phoenicohius find their nearest allies in the curious small 
group known as Ohha^ from N. Celebes, the Camaena possibly in a 
type of Helix {Hadra) occurring in New Guinea and N.E. Australia. 
The only other Helix from the whole of the E. Indies which 
bears any resemblance to the Phoenicohius group is H codonodes 
Pfr., which is peculiar to the Nicobars. A few forms assigned to 
Camaena also occur in Further India and Siam. It would 
appear possible, therefore, that these two isolated groups are a 
sort of survival of a fauna which perhaps had once a much 
more extended range. 
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(2) The CUneie Sub-region. — The Chinese Suh-region in- 
cludes the whole of China from its southern frontier up to and 
including the basin of the Blue or Yang-tse Eiver, together with 
the coast district, including Corea, perhaps as far north as Vladi- 
vostok, and the outlying islands of Hainan, Formosa, the l.oo- 
Choo and Bonin groups, and Japan to the north of Niphon. It 
may be divided into two provinces, the Chinese and the Japanese. 

(a) The fauna of the Chinese province proper bears, in many 
respects, strong marks of relationship to that of India and Siam. 
Thus Streptaxis, Helicarion, Macrochlamys, Kaliella, Sitala, Ario- 
phanta, Rhysota, Hemiplecia, Diplommatina, OpisthoporuSy Ptero- 
cycluSy LagochiluSy and Alycaens all occur, especially in Southern 
China. The two points in which the sub-region bears special 
marks of individuality are Helix and Claudlia, The sub-genera 
of Helix which have their metropolis in China are Satsuma, 
CcUhaica, Aegista, Acustay Ruhadra, PlectotropiSy and Plectopylis, 
Sinistral forms (compare Fig. 213) are rather prevalent. In 
several cases — e.g. Trichiay Gonostomay Fruticicola — there is a 
reappearance of forms which appear to belong to well-known 
European sub-genera. Clausilia here attains a kind of second 
centre of distribution, and is represented by its finest forms, 

which belong to several peculiar 
sub -genera. The carnivorous Mol- 
lusca are not abundant, and are 
represented by Rathouisia (a peculiar 
genus of naked slug), Enneay and 
Streptaxis. In the western provinces 
Buliminus is abundant in several 
Fio. 21 s. --Helix (Camaena) cica- sub-genera, one of which appears to 
tricot MUU., China. • European Napaem. 

There is little which is striking in the operculates, which are 
most abundant in the south, and appear to be mainly derived 
from Indian and Siamese sources. The occurrence of Helicina 
(3 sp.), OmphcUotropis (1), Leptopoma (2), and Realia (2), is 
evidence of some influence from the far East. Heudeia is a very 
remarkable and quite peculiar form of Helicina with internal 
plicae, perhaps akin to the Central American Ceres. 

Fresh - water genera are exceedingly abundant, especially 
Melaniay Unio, and Anmlonta. The occurrence of Myeetopus 
(a South -American genus) is remarkable. Tliere are several 
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peculiar forms of fresh-water operoulates, whose exact position is 
hardly yet assured. 


Land and Freshwater Mollnsea of the Chinese Province 


Rathouisia . 

1 

Trichia . . 

10 

Suecinea . . 

8 

Leptopouia . 2 

Streptaxis 

7 

Cathaica . . 

22 

Vaginula . . 

7 

LagochUus . 10 

Eimea . . . 

12 

Aegista . . 

10 

LimnAPA . 

2 

Oyclophorus . 18 

Parmarioii 

2 

Armandia 

3 

Planorbis . . 

6 

Coelopoma . 1 

Helicarion 

15 

Acusta . . 

16 

Melania . . 

44 

Pterocyclus . 3 

Euplecta . . 

3 

Obbina . . 

1 

Paludomus . 

3 

Opiethoporus 4 

Macrochlainys 19 

Camaena . . 

5 

Bithynia . . 

12 

Cyclotus . . 10 

Microcystina 

2 

Eubadra . . 

14 

Litboglyphus 

3 

Sabrina . . 4 

Microcystis . 

7 

Plectopylis . 

19 

Melantho (?) . 

1 

Ptychopoma . 12 

Ealiella . . 

16 

Stegodera 

6 

Pachydrobia . 

1 

OmpbidotropiB 1 

Sitala . . . 

6 

Chloritis . . 

1 

Prosostheuia . 

2 

Realia ... 2 

Ariophanta . 

1 

HeL Inc. sed. 

39 

Stenothyra . 

2 

Pseudopomatias 1 

Rhysota . . 

5 

Buliminus 

21 

Hydrobia , . 

2 

Helicina . . 3 

Hemiplecta . 

1 

Buliminopsis 

3 

Mecongia . . 

1 

Qeorissa . . 4 

Trochomorplia 2 

Buliminidius 

3 

Oncomelania 

9 

Heudeia . . 1 

Liman . . . 

1 

Napaeus . . 

14 

Margaracya . 

1 

Cyclas ... 1 

Philomycaa . 

1 

Racbia (?) . . 

4 

Rivularia . . 

4 

Corbicula . . 50 

Patula . . . 

2 

Pupa . 

10 

Belavaya . . 

1 

Unio ... 53 

Qonostoma . 

4 

ClausUia . 

102 

Fenouillia 

1 

Monocondylaea 1 

Metodontia . 

2 

Opeas . . . 

12 

Vivipara . . 

34 

Anodonta. . 55 

Yallonia . . 

1 

Euspiraxis 

1 

Diplommatina 20 

Mycetopus . 1 2 

Plectotropis . 

9 

Subulina . . 

5 

Pupina . . 

6 

Pseudodon . 1 

Fruticicola . 

11 

Stenogyra (?) 

12 

Alycaeus * . 

23 

Dipsas ... 4 

Satsuma . . 

14 






The island of Hainan, in the extreme south of the sub-region, 
has 40 species of Mollusca, 22 of which are peculiar, but there is 
no peculiar genus. 

The Mollusca of Formosa, although in many cases specifically 
distinct, show dose generic relationship with those of China 
The characteristic Chinese groups of Helix and ClausUia occur, 
and there is still a considerable Indian dement in several spedes 
of Str^taxis, MaerochJamys, Kaliella, and Myeaevs. The oc- 
currence of two Amphidromtis, a genus which, though Siamese, 
is not found in China or Hainan, is remarkable. 

The peninsula of Corea must undoubtedly be induded in the 
Chinese sub-region. It is true that the land operculates scarcdy 
occur, but there are still a number of ClausUia, and several of 
the characteristic Chinese groups of Helix are reproduced. In 
some points Corea appears to show more affinity to Japan than 
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to China, four of the Helices being specificaUy identical with 
those of Japan, but the peninsula is at present too little explored 
for any generalisations to be made as to its fauna in this respect. 

(6) Japanese Provime, — Kobelt distinguishes four groups ol 
Mollusca inhabiting Japan (a) circumpolar species, actually 
occurring in Europe, Siberia, or N. America, or represented by 
nearly allied species (these of course do not belong to the 
Japanese province as such) ; (6) Indo-tropical species ; (c) species 
which are Chinese or akin to Chinese ; {d) peculiar species, a 
mixture of two forms, southern and northern, the latter being 
chiefly Hyalinia, Patula, and Pruticicola. Out of a total of 193 
Japanese species, at least 164 are peculiar. 

The Japanese Helices belong to sub -genera common to 
China (Plectotropis 8, EuKadra 21, Acusta 23?); but the 
Naminidae scardely occur at all. The principal feature of the 
fauna is the development of Clausilia, which presents some 
extraordinarily fine forms. One slug {Philoinycus) is identical 
with an Indian species. The operculates, which consist mainly 
of a few species each of Diplommatina, Cyclophorus, Pupinella, 
Pupina, Helicina, and Georissa, belong almost exclusively to the 
southern islands Kiu-siu, Sikoku, and southern Niphon. The 
three species usually reckoned as Japonia are probably forms of 
La^ochilus. 


C. The Australasian Region 

This region includes all the islands of the Pacific east of the 
Moluccas, and falls into three sub-regions — the Papuan, the 
Australian, and the Polynesian. 

1. The Papuan Sub-region may be divided into — {a) the 
Papuan ProviTwe proper, which includes New Guinea, with the 
Aru Is. and Waigiou, the Admiralty Is., New Ireland, New 
Britain, and the d’Eiitrecasteaux and Ijouisiade Groups; (6) 
the QuecTisland ProviTice, or the strip of N.E. Australia from 
C. York to the Clarence R (about 29° S. lat.); {c) the 
Melanesian Province, which includes the New Hebrides, New 
Caledonia, with the Loyalty Is. and the Viti Is. The Solomons 
form a transition district between the Papuan and Melanesian 
provinces, abounding on the one hand in characteristic Papuan 
Helices, while on the other they form the north-western limit of 
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Placostylus^ the group especially characteristic of the Melanesian 
province, 

(a) The Papiian Province . — ^The molluscan fauna of New 
Guinea is the richest and by far the most original of all the 
Australasian region. We find ourselves, almost in a moment, in 
a district full of new and peculiar forma New Guinea may be 
regarded as the metropolis of the rich Helicidan fauna, which is 
also characteristic of the Moluccas to the west, of N. and N.E. 
Australia to the south and south-east, and of the Solomons and other 
groups to the north-east. Here abound species of Papuina and 
Ineularia (the latter being quite peculiar), among which are 
found, if not the largest, certainly the most finished forms of all 
existing Helices. Ghloritis (13 sp.), Planispira (5), and Cristi- 
gihha (9) are common with the Moluccas, while a tropical 
Australian element is shown in Pedinogyra (1) and Hadra (4). 
Very remarkable, too, is the occurrence of one species of Obbina 
and Rhysota, genera which culminate in the Philippines and here 
find their most eastward extension ; while a single Corasia serves 
to form a link between the Corasia of the Philippines and those 
of the Solomon Is., if the latter are true Corasia. 

We naturally find considerable traces of a Polynesian element, 
which appears to be principally characteristic of the eastern part 
of the island. Most noteworthy in this respect is the occur- 
rence of Partula (3), Tornatellina (1), Charopa (1), Thalasda 
(3). As compared with the true Pulmonata, the operculates are 
feebly represented, and the great majority are of a markedly 
Polynesian type. Not a single Cyclophorus occurs ; LagochiluSj 
Alycaeus, and all the tubed operculates, so marked a feature of 
the Indo-Malay fauna, are conspicuous by their absence, and the 
prevailing genera are Cyclotus, Helicina, and a number of sections 
of Pupina. Leptopoma, as in the Philippines, is strongly repre- 
sented. Not that an Indo-Malay element is altogether absent. 
We still have Xesta (5), Hemiplecta (8), and even Siiala (2), but 
the great predominance of Helix seems to have barred the pro- 
gress, for the greater part, of the Indian Naninidae. 

The slugs appear to be represented by a solitary Vaginvla. 
A single Perrieria is a very marked feature of union with 
Queensland, where the only other existing species {P. australis) 
occurs. The solitary Rhytida, so far the only representative of 
the carnivorous group of snails, emphasises this union still 
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further. Little is known of the fresh-water fauna. Mdania 
(28 sp.) is predominanti but on the whole the relations are 
Australian rather than Indo-Malaj. AmptUlaria is wanting, 
while a decisive point of similarity is the occurrence of JHdora 
(3 sp.), a genus entirely strange to the Oriental region, but 
markedly characteristic of the Australasian. 


Land and Fresh-water Mollusca of New Guinea 


Rhytida . . 

1 

Thalassia 

3 

Calycia . . 

4 

Diplommatina 

1 

Helicarion . 

2 

Ochthephila (?) 1 

Partula . . 

3 

Papina . . 

4 

Rhysota . . 

1 

Chloritis . . 

13 

Pupa . . . 

1 

Pupinella 

3 

Hemiplecta . 

11 

Planispira . 

5 

Stenogyra 

1 

OmphalotropiB 2 

Xesta . . . 

2 

Cristigibba . 

9 

Tomatelliiia 

1 

BellardieUa . 

2 

Microcystis . 

3 

Insularia 

17 

Perrieria . 

1 

Leptopoma . 

16 

Microcystina 

2 

Obbina . 

1 

Succinea . . 

1 

CyclotuB , . 

5 

Sitala . . 

2 

Albersia . . 

3 

Vaginula 

1 

Cyclotropis . 

5 

Oxytes (?) 

2 

Hadra . . 

4 

Limnaea . . 

2 

Helicina . ■ 

15 

Conulus . . 

1 

Pedinogyra . 

1 

Isidora . . 

3 

Unio . . . 

4 

Trochomorpha 8 

Papuina . . 

35 

Melania . . 

28 

Cyrena . . 

3 

Nonina (0 « 

3 

Corasia (?) . 

1 

FaunuB . . 

1 

Corbicula . 

1 

Charopa . . 

1 

Bulimus (T) . 

1 

Vivipara . . 

4 

Batissa . . 

a 


Waigiou is practically a part of New Guinea. Twelve 
genera and twenty species of Mollusca are known, eight of the 
latter being peculiar. The occurrence of Papuina, Imvlaria, 
and Calycia sufficiently attest its Papuan relationship. Two 
species each of Mbersia, Chloritis, and Planiapira occur.^ 

The Aru la. are, as we should expect from their position, and 
particularly from the configuration of the adjacent sea bottom 
(see map), markedly Papuan. At the same time they show un- 
mistakable signs of long-continued separation from the parent 
island, for of their 36 land Mollusca 15, and of their 20 fresh- 
water Mollusca 9 are peculiar. The Papuan element consists in 
the presence of Papuina, Alberaia, and Gristigibba. Moluccan 
influence is not absent, for the three Helicina, the Alberaia, and 
one Oyclotua axe all Moluccan species. The fresh-water fauna 
appears to be a mixture of varied elementa The single 
Segmentina is common to India, the Glaucomya to Malacca and 
the Philippines, while the single Batiaaa is also found in New 
Zealand. 


^ Mysol, with ^ ChlorUie, 1 InvvLlaria, 1 CrMgibba, is decidedly Papuan. 
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Lmid a%i Fretk-water MoUusea qf the Atu Mwnds. 


Xesta . . . 

4 

Cliloritis . . 

5. 

Planorbis 

1 

OyclotUB . . 

3 

Mieroejrfltis . 

1 

Oriatigibbu . 

2 

Segmentina . 

1 

Helieina . . 

3 

Hyalmia (?) • 

1 

Albeisia . . 

1 

Melania . . 

14 

Cyrena . . 

2 

Troclioinorpha 1 

Papuinu . . 

4 

Leptopoma . 

3 

Glaucomya . 

1 

Fatula . . 

1 

Pupa . . . 

2 

MouBSonia . 

1 

Batissa . . 

1 

Eulota . . 

1 

Stenogyra 

2 

Realia . . 

1 




The Louisiades, the d* EntrecasteawCy and Trohriand Is,, and 
Woodlark L, are closely related to New Guinea, containing no 
peculiar genera. Each group, however, contains a considerable 
proportion of peculiar species, an indication that their separation 
from New Guinea dates from a very distant period. From the 
Louisiades are known 34 species in all, 22 of which are peculiar. 

The fauna of the Admiralty Is,, of Eisw JSdnover, and Hew 
Ireland is markedly Papuan, without any especial feature of 
distinction. The Admiralty la contain 15 sp. Fapuina,. 7 
Chloritis, 1 Flanispira, and 1 Corasia, A single Janella shows 
relationship with the New Hebrides and with New Zealand. In 
New Ireland Flanispira (which is specially characteristic of W. 
New Guinea and the Moluccas) has disappeared, but there are 7 
Fapuiria and 6 Chloritis, The essentially Polynesian Fartvla is 
pres(^t in both groups. 

The prominent feature of the Mollusca of the Solomon Is, is 
tho extraordinary development of Fapuina, which here cul- 
minates in a profusion of species and singularity of form. The 
genus is arboreal, crawling on the branches and attaching itself 
to the leaves of trees and underwood. Of the 140 land 
Fulmonata known from the group, no less than 60, or 36 per 
cent, are Fapuina, Ten species of Corasia occur, but whetW 
the shells so identified are generically identical with those of the 
Philippines, is not satisfactorily determined. Trochomorpha, 
with 22 species, here attains its maximum. Chloritis begins to 
fail, but still has 3 speciea Indo-Malay influence still appears, 
though feebly, in Hemiplecta (3), Xesta (1), and possibly even 
Mmroehlamys (1). The Fkytida, the 3 Hadra, and possibly 
the Fwryphanta represent the Australian element The grow- 
ing nuiabers of Fmtyla (13), the small and inconspicuous land 
operculateB (only 22 in all, with Hdicina very prominent), and 
the almost complete absence of fresh-water bivalves^ show mgns 
of strong Polynesian affimties. An especial link with tihe New 
VOL. in Y 
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Hebrides, N&w Caledonia, and the Viti la is the oocnrrenee of 
Hacodylus (16 sp.). It is very remarkable that this genus 
should occur in the Solomon la and not in New Ireland. The 
occurrence of StreptaxiSy if authentic, is very noteworthy, the 
nearest species being from the Philippines. 


LaTid iiTid Fresh-water Mollusea of the Solomon Islands, 


Streptoxis (?) 1 

Trochoniorplia 

22 

Mero2>c . . 

1 

Papina . . 

4 

Bhytida . . 1 

Nanina (?) . . 

2 

Corasia (?) . 

10 

Leptopoiaa . 

4 

PAryphanta(?) 1 

Patula . . . 

1 

Placostylus . 

16 

Omphalotropis 2 

Hehcarioii . 2 

Thalassia . . 

2 

Partula . . 

13 

Cyclotus , . 

1 

Xesta ... 1 

Chloritis . . 

3 

Succinea . . 

1 

Cyclotropis . 

2 

Macrochlamya 1 

Philina . . . 

2 

Melania . . 

18 

Helicina . . 

• 7 

Hemiplecta . 3 

Hadra . . . 

3 

Diplommatina 

. 2 

Unio . , . 

1 

Microcystis . 2 

Papuiiia . . 

50 






(6) The Queensland Province , — The strip of coast-line from Cape 
York to the Clarence R stands apart from the rest of Australia, 
and is closely connected with New Guinea. There can be little 
doubt that it has lieen colonised from the latter country, since 
an elevation of even 10 fatlioms would create (see map) a wide 
bridge between the two. Many of the genera are quite strange 
to* the rest of Australia. liund operculates are abundant, and of 
a Papuan type. Several of the cliaracteristic Papuan genera of 
Helix (PapuiTia, ChloritiSy Planispira) occur, while Hadra attains 



its maximum. Panday Pedinogyray and Thcrsitcs arc three reniai'k- 
able grouj)8 in a rich Helix fauna. Parmaxochlea is a peculiar 
fdrm akin to Helicarion, The carnivorous Mollusea are r^re- 
sehted by Ehytiday Diploinphcdus (New Caledonia), and Elaea. 
One species of Jandlay a slug peculiar to this region, oecura 
The predominant fresh-water genus is Bvlinus (Isidora), Am- 
puilaria and Anodonta are entirely absent from Au^ralia and 
IfeW Zealand, 


















Zand MidluBca of the Qiuendand Promnee 



1 

Macrocydia (7) 1 

Helix ^iic. 9 ed.) 6 

Jtandk . . 1 

. . 

in 

HaUcelk 

10 

Buliattts(f) . 

1 

Oeoifesa . . 1 


1 

Plani^im 

8 

Stenogyra . 

1 

Pupina . .18 

Farmseochlea 

1 

Hadm . 

51 

Tomatellina 

4 

He^eya . . 1 

Heliouion . 

7 

Ohloritia 

5 

Pupa . . . 

3 

CaUk. . . 1 

Kanins . . 

3 

Pedinogyra 

1 

Vertigo . . 

4 

Diplommatina 3 

Hyalinia 

10 

Thersites 

1 

Perrieria 

1 

Hitre^is . . 2 

ThalsBeis . 

4 

Papuina . 

6 

Succiuea . . 

3 

Dermatocera 1 

Charopa . . 

Patula 0) 

5 

4 

Panda . 

2 

Vaginula 

1 

Helicina . ^ 8 


(e) The Melameia^i Frovince includes those islands on which 
the remarkable group Placostylua occurs, the metropolis of whose 
distribution is New Caledonia. These islands are very possibly 
the remains of what was once a much wider extent of land. 
A single species of Placostylns occurs both on Lord Howe's L 
and in the North I. of New Zealand, but this feet, while 
highly interesting as indicating a possible former extension 
of land in a south-easterly direction, is hardly sufficient to bring 
these islands within the province as now limited. The Solomon 
la, although containing Pla^odylue as far to the west as Faro 
I., form, as has been already stated, a transitional district to the 
Papuan province. 

New Caledonia . — The chief features of the Mollusca are the 
remarkable development of the helicoid carnivorous genera 
Mhytida (30 sp.) and Diplomphalus (13 sp.), 
and of Placostylus (46 sp.). There is a stray 
Papuina, and a peculiar form Psevdopartvla, 
but Hdix has almost entirely disappeared. 

Polynesian inilueuce is represented by Micro- 
cystie (3 sp.), the so-called Patula (13 sp., 
many of which are probably Charopa), Torna- 
tellina (2 sp.), and Helicina (20 sp.^ Partvla 
does not reach so far south, but there ai*e t 
species of Janella. The recurrence oi Mel- 
sp.), absent from the whole Oriental 
region, is curious, and forms another link 
with New Zealand The curious sinistral Lim- 
nam {leid/qra), common with Australia and New Caiedoaie! 
New Zealand, is abundant, ^ *’ 

The Nmo Jlebridee link New Caledonia and the Solomons by 




fa4 THE mjt IS. AND SOUTH AND WEST AUSTEALU 

their poBseaMon of the typical heavy Flaeosiylue (6 of the 
former, and t^e lighter and more elegant Charis (2 sp.) of the 
latter. There are 4 Fapuina, and PcurMa is abundant (18 sp.), 
but there is no evidence at present that the oamivorous gen^ 
or the Mdanopsis and Isidora of New Caledonia occur. 

Th4 lyi is., by the possession of 14 Plcu^ostylus of the Chwris 
section, which is entirely absent from the adjacent Tonga group, 
form the eastern limit of the province. There appears to be 
only a single Partula, but the Polynesian element, especially as 
seen in Nomedla (8 sp.), Nerltina (20 sp.), Hdicina (11 sp.), 
and Omphalotropis (11 sp.), is very strong. The Microcydis (9 
sp.) and Trodiomorpha (14 sp.) are also of a Polynesian type. 

(2) The Anstraliaii Sub-region includes the whole of Australia 
(with the exception of the Queensland province) and Tasmania, 
with New Zealand and the off-lying islanda The &una, frmn 
the prevalence of desert, is scanty, especially in genera. Land 
opercuh^ aie almost entirely wanting. Limax is not indi- 
genous, though several species have become naturalised. The 
bulk of the fresh-water species belong to Isidora, and it is doubt- 
ful whether Physa oceurfi at alL Unio has a few species, and 
also Vvvipam, but neither Anodonta nor Ampvllwna occur. 
There are a few Melania and Neritina, 

Tropical Sovlh Australia. — The MoUusca are scanty, and 
occur chiefly in the neighbourhood of the rivers, the soil being 
arid, with no shelter either of trees or rocka Fresh-water 
species predominate, and the rich land fauna of Queensland is 
totally wanting. There are no land operculates, 6 Hadra, 1 
Bvlimus{t), 1 Btenogyra. 

West Australia . — Owing to the deserts which bound it, the 
MoUusca are very isolated, only one species being common 
with N,, S., and E. Australia. The chief characteristics are 
Liparus, a form intermediate between Helix and BtUimus, and, 
among the Hdices, the group Bhagada. There are no slugs, no 
carnivorous snails, and only three land operculatea 

Land MoUusca of West Australia. 

Latuproeystis 1 Gonostoma . 2 Hadia . . 5 Oyclophoruft 2 

H^inia. . 1 Trachia . . 3 Liparos . . 10 Helieina. . I 

Patala ... 7 Xerophik . 1 Pupa ... 4 

GhkriliB . 2 Bhagada . 8 So^inea . . 3 
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la Stutern and Sauihem AnUmdia. (Kew 3oa^, Wslail^,' 
Yktorift, aad Scnith AastnUia) the too^oel 4^nuBat« so abaadtaA. 
in Qaeenida&d, almost mitirely disappeacs, the laiA (^enmiate (a 
JfelietMa) imlj reaching Port Macquarie, tboi^h several specks 
of Sdioarim occur in the extreme south. Sadra is stiQ almii* 
dant in New South Wales (18 ep.) and S. Australia (10 tp.), but 
becomes scarce in Victoria (2 sp.) ; New South Wales has also 
one Panda end two Therntet. Oystopelta is common with Tas- 
mania. and one of the JanellidM (Aneitea) with Queensland. 
The carnivorous snails are represented by Phytida. Caryodet, a 
bulinioid group perhaps akin to Liparus, is common with 
Tasmania only. 

Tasmania. — ^About 80 species of land MoUusca are known, 
not more than 10 being common with Australia. No land 
operculates occur ; Endodonta and Chatopa are rare, and 
Sadra has entirely disappeared, but Pupa and Sueeinea occur. 
CamivorouB genera are represented by Paryphanta, Ehytida, and 
Bhenea. Anoylyptaisa, peculiar section of Sdix, while Caryodes, 
Oydopelta, and SeUearion are common with Australia. Among 
the fresh-water Mollosca are a Chindlachia (see p. 345), and srane 
forms of Atamicola or SydroUa, one of which (Potamopyryus) is 
common only with New Zealand.^ 

The Seozealanian Province. — The Mollusca of New Zealand, 
with the Nermadee, Chatham, and Auckland Is., are remarkably 
isolsted. Such genera as Nanina, PartuLa, Pvpa, Stenogyra, 
Sueeinea, Vaginvla, Truneaidla, Selieina, and NameeUa, which 
might have been expected to occur, are entirely absent The 
bulk of the land Mollusca are small and obscure forms, perhaps 
remains of a very early type, and appear to belong to the 
Zonitidae, neither Patvia nor Helix occurring at alL The 
carnivorous forms are represented by Sehizoglotta, a peculiar 
genus akin to Baudebardia, by Paryphania, an extraordinary 
group of large shells with a thick leathery epidermis, and by 
Bhytida and Bhenea. In spite of its extreme isolation, the 
general relations of the fauna are partly with New CSaledonia, 
partly with E. Australia. The occurrence of Plaeoatylue has 
already bemi mentioned (p. 323), and three spedes of JdneUa, 
a gUnus which also occurs in Queensland and New Caledonia, 

* 8««wp«ei«lly C. H«dl^, Note <« the BeUtion of tiie Lend Molhaco of Teewuuvia 
eud New ^knd, Ann. Mag. Nat. Sid. (6) xiiL pb 442. 
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iadioate the sitoie affinity. (Haeomha is penoliar. The 
water Mollusea, besides the Iddora characteristic of the sub- 
region, are partly related to Kew Caledonia through the occur- 
renoe of Mdanopsis, partly to Tasmania through Potcmopyrgu$^ 
while the peculiar Latia is possibly akin to Oundlmhia (Tas- 
mania). The land operculates n imber only 5 genera and 14 
species in all, excluding a doubtful IHplornmatina} 


Land and Fresh-waier Mollmca of the Neozealaman Provinee 


Sehizoglossa . 1 

Parvphanta . 5 

Rhytida . . € 

Rheaea . . S 
Helicarlon 1 

Otocoacha 1 

Microcystis . 1 

Trochoaanina 1 
PhacQSsa . . 3 

Thalassohelix 5 


Gerontia . . 2 Placostylus . 

Allodiscus . 10 Carthaea . . 

PyiTha . . 1 Toraatellina . 

Therasia . . 7 Jaaella . . 

Pbeaacobelix 3 Latia . . . 

Suteria . . 1 Aacyliis . . 

Flammuliaa . 13 Limnaea . . 

Laoma . . 23 Amphipeplea 

Endodonta . 10 Plaaorbis. , 
Charopa . . 28 Isidora . . 


1 Melaaopsis . 2 
1 Potamopyigus 4 

1 Paxillus . . 1 

3 Lagochilus . 7 

2 Omphalotropis 1 

2 Realia ... 4 

5 Hydroceaa . 1 

2 Unio ... 9 

1 Spbaeriam . 1 

7 Pisidium . . 2 


Lord no,we'8 L is remarkable as containing a Placostylus, 
which thus links the island with this province. The remainder 
of the fauna is Polynesian, with the exception of a species 
(common to the Fijis) of Parmella, a slug akin to Helicarion, 
Parmacochlea, and Cystopelta, 

(3) The Pol7ne8ia& Bub-region includes all the island groups 
of the central and southern Pacific (except those classified in the 
Papuan and Australian sub-regions), from 

4 the Pelews and Carolines in the west to 
the Marquesas and Paumotus in the east, 
and from the Tonga group in the south 
to the Sandwich Is. in the north. It may 
be subdivided into (a) the Polynesian pro- 
^ Q vince proper, and (6) the Hawaiian pro- 

Pio. 216. — CharacteriBtic vince, which includes tlie Sandwich Is. 
PolynesiAD MoUttscA : A, only. 

AcLaindl^ 

Sandwich la.; B, Par- (a) The general features of the Poly- 
nesian province are very similar through- 
out, although the Mollusca of each islwd 
group are in the main peculiar. The species are mostly small 

* Hedley and Suter, Proc. Linn, Soe. JV, S, WaJLfts (2), vii. p. 61S. Twenty-one 
apeeioa are ^Mntroduced." 
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and obiicure. Metis} scarcely occurs, its place being taken by 
small Zonitidae (Mtcrocy^ie, Charopa, TrochomorphO}^ etc.), and 
by groups of so-called FcUula {EndodoTUa, Pitys, etc.), the exact 
position of which is not yet settled Libera, remarkable for its 
method of ovipositing (p. 128), is peculiar to the Society and 
Hervey Is. ; Partvla is almost universal, attedning its maximum 
(40 sp.) in the Society Is.; Tornatellina, Pwpa, and Vertigo occur 
throughout. 

The land opefculatcs consist chiefly of Omphalotropis, PupiTui, 
Bealia, and Melicina. JHplommatina and Palaina are abun- 
dant on the Pelews, and a Mbuseonia occurs in the Samoa I& 
Ostodes, a small form of Cyclophorus, is found in some of the 
southern groups. The fresh - water opereulates are Melania, 
Meritina (including Glithon, a sub-genus furnished with spines), 
and Navicella; there are no Unionidae, while fresh -water 
Pidmonata are very scarce. 

(&) The land Mollusca of the Hawaiian province are dis- 
tinguished by the possession of four entirely peculiar genera — 
Achatindla, Lepiadhatina, Carelia, and Auricidella. More than 
300 of the two former genera have been described, every moun- 
tain valley of some of the islands having its own peculiar species. 
The destruction of the indigenous herbage by goats is rapidly 
extinguishing mwy forms. Partvla, and the small land oper- 
culates, so characteristic of the other groups, are, with the 
exception of Hdieina, entirely wanting. The occurrence of one 
of the Metope group of Hdise (Solomon la) is remarkable, and 
there is a rich development of Succinea, " Patvla!' Microcystis, 
Tornatdlina, and the other small Polynesian land Pvlmonata 
are well represented. The presence of Isidora, absent from the 
central Pacific groups, is remarkable, and Erinna is a peculiar 
genus belonging to the Limnaeidae. 



CHAPTER XI 


GSOOSAPHICAL DISTRIBUTION OF LAND UOLLUSOA (imtinuedy^ 
THE ETHIOPIAN, NEARCTIC, AND NEOTROPICAL REGIONS 

D. The Ethioiiian B^on 

The Ethiopian region includes the whole of Africa south of the 
Great Desert, and Southern Arabia, together with the outlying 
islands, excepting those of the Atlantidean province (p. 29?). 

Segarded as a whole, the Ethiopian is poorest in land Molluscs 
of all the tropical regions. And yet its characteristics are very 
remarkable. The entire Aehatina group is peculiar, and ta^ 
eq)ecially in W. Africa, some curious forms (Columna, Perideris, 
PseudaehaiiTui). Carnivorous Mollusca {Ennea, Cfibbus, etc.) are 
highly developed, especially in the south and east, the larged 
known helicoid form (Aerope) being from Natal In the posses- 
sion of these types of the Agnatha, Africa is more closely related 
to the Australasian than to the Oriental region. The true Opclo- 
stoma are entirely peculiar to the region, but are absent from 
West Africa. 

Fresh-water Mollusca are abundant and characteristic, especi- 
ally in and near the Great Lakea Lanistes, Cleopaira, and 
Mdadomus, among the operculates, together with Mutda and 
Aetheria (Unionidae), Galatea and Mseheria (Cyrenidae), are 
peculiar. 

In its negative, as well as its positive features, the Ethiopian 
r^ion is markedly isolated. Helicidae and Naninidae are equally 
d(£cient, the former, indeed, attaining some numerical predomin- 
ance in the extreme aoutli,but the species are nearly all insignifi- 
cant in size and colouring. It is only in Ma^gascar that 
ffelix asserts itself Arion, Umax, Hydlima, Clausilia, and a 
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nvmixst dttier ge&erft abmiduit uluig the Hedhtenwtttea, am' 
ti&ec idtogether atneat, or aie mey Bcaatil]r lepeaetited, Laoid 
operculatee, so oharacterisUc of otl^ tropical comttriee, ate aloost 
e&tiodj urahtilx^. If we disregard the Malaga^ sab-r«gioii, <^ieie 
are aoamelj iatty epeciee of kod operctdatee on the wh(^ 
African continent. 

The ^Ethiopian r^on may be divided into three snh-r^gimaa: 
(1) the Ooihral African; (2) tiie South African; (3) the 
M^gaqr- 

(1) The 0«Bferal African 8nb-regfon is bounded <m the nmrth 
the Great Desert, on the east and west by the ocean, and on 
the south by a line roughly drawn between the mouth of the 
Orange Biver and Delagos ]^y ; it also includes S. Alabia. No 
natural features exist which tend to break up this vast district 
into areas of independent zoological development The absence of 
long and lofty mountain ranges, the enormous size of the great 
river basins, and the general uniformity of climate, equalise tlm 
conditions of life throughout It will be convenient to break 
the sub-region up into provinces, but in most cases no precise 
line of demarcation can be laid down. 

(a) The Senegambian ProviTuce may be regarded as extending 
from the mouth of the Senegal Biver to Cape Palmaa Only 8 
genera of land Mollusca are known, including 4 lAmicolaria and 
3 Thapaia, with 1 small Cyclophorus. Fresh-water gmiera are 
abundwt, and include most of the characteristic Ethiopian forma 
(}) The We^ Jfriean Province extends from Cape Palmas to 
the mouth of the Congo, and is rich in Mollusca. The great 
AehaHna, largest of land snails, whose shell sometimes attains a 
length of 6^ in., LinUeolaria, Periderit, and Paeudaehatina are 
the characteristic forma The Agnatha are represented by Snnea, 
Streptaaeit, and Str^toetde. Bwhis and Paehnodus, subgenera 
of Bvliminna, occur also on the east coast. A special feature is 
the development of several peculiar slug-like genera, ag. Oopdta, 
perhaps a form of Arion ; Eatria, a slug with an external shell, 
akin to Parmaedla; and Aapiddua, a form intermediate be- 
tween Sdiearion and Lmax. Claviger, a handsome group 
akin to CeriAUm, is peculiar to the estuaries of West African 
rivers. 

About sixteen species are known from the Cameroona Distriet, 
W no peculiar genera occur. The Frenda Congo Didrvtt has 
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not yet been J well explored. Tomostele, a genus allied to 
Str^ptostek, is jj^uliar, and Psevdcuihatina attains its maximum* 
St Thomas and Princes fs., in the Gulf of 
Guinea, are well known. Princes I. has 22 
species, 14 peculiar, and 2 common to St. Thomas 
only, one of the latter lieing the great sinistral 
Achatina bicarinata Chem. The remarkable 
genus Columna (Fig. 217) is peculiar, and 
Streptostele (4 sp.) attains its maximum. Peculiar 
to St. Thomas are Pyrgina, a turretetl form of 
Stenogyra ; Thyrophorella, a sinistral form of 
Zonites ; and Atopocochlis, a large bulimoid 
shell, whose true relationships are not yet known. 
Homorus, a group of Achatina with an elongated 
spire, occurring also in the Angola District and 
on the east coast, has 4 specnes. No fresh-water 
ria.217.— CoZwwiMrt species have ns yet been discovered in either of 
islands. 

The Angola and Benguela District, extend- 
ing from the Congo to the Cunene R, probably Mongs to the 
West African Sub-region, but until its fauna is better known 
it is advisable to consider it apart. Achatina continues 
abundant, but the other characteristic West African forms 
{Pseudachatina, Streptostele, Perideris) diminish or are absent 
altogether. No Helix and only 1 Cyclophorus occur. 

Ovampo, Damara, and Great Namaqualand, lying between 
the Cumene and Orange rivers, seem to fonn a transition 
district between the West and South Afriain faunas. Helix 
reappears, while tlie characteristic West African genera are 
almost entirely wanting. 

{e) The East African Province extends from about Delagoa 
Bay to the Abyssinian shores of the Bed Sea. In general out- 
line the province consists of a flat marshy district, extending 
inland for many miles from the sea; this is succeeded by rising 
ground, which eventually becomes a high table-land, often 
desolate and arid, whose line of slope lies parallel to the trend of 
the coast The Mollusca are little known, and have only been 
stiidial in isolated districts, usually from the discoveries of 
exploring exj)editions. 

The Mozambique District, fnnn Delagoa Paty to Delgado, 
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ia^ndes no geaqs which does not occur, m the. west coast, except 
Cffdotioma (2 sp.) Trochcnanina (4 sp-X Vroeyelv*, a chanMsterr 
istic. African slug (2 sp.), JSaehis (4 sp.^ Paekwdm (2 8p,)> end 
JduiUna (5 cp.), are the principal gioupa 

Fio. 

Fiscb., Comoro la. : 0, Cten- 
emtiT6 orifioe ; M, maeoa 
gland ; O, oridoe kadiiig to 
intemal ahell ; P, pulmonary 
orifice ; T» teatocloa. (After 
Fiadier.) 



The Zanaibar District^ from Cape Delgado to the Somali 
country, has the same general features. Meladomw, a large 
sinistral Ampullaria, is characteristic, while Cyclosioma (5 sp.) 
becomes more abundant. Jlelix is still absent, but the carnivor- 
ous forms {StrqptOixis 2 sp., Ennm 7 sp.) are rather numerous. 

The Somali District is characterised by operculate groups of 
the Otopoma type (Georgia, Mochebmnia, Bevoilia) whose generic 
value is rather doubtful Petraem, in an Arabian type, sup- 
plants Bachis and Pcuihmdm, Achatina is nearly wanting, 
but Limicolaria has 9 speciea A few Hdix, said to be of the 
Pisana group, occur. 

The District between the Great Lakes arid the coast region is 
fairly well known through recent explorations, especially those 
associated with Emin Pasha. Streptaxis (6 sp.) and Ennea 
(24 sp.) are numerous, Helix is wanting, and the Naninidae 
are represented by Trochonanina (7 sp.), and other forms at 
present grouped under Nanina or Hyalinia. On the high ground 
Bidiminus, Cerastus, and Hapalus replace, to some extent, the 
Achatina and Limicolaria of the marshy plains. Land oper- 
(Cyclophorus 1, Cyclostoma 8) are more numerous; among 
fresh-water genera we have Lanistes (5 sp.), Cleopatra (3 sp.), 
Meladomus (1 sp.), and Leroy a, a sinistral form with the facies 
of a Littorina. The characteristic African bivalves (Mwtda, 
SpaJtha, etc.), are few in number. 

(S) Province of the Greal Lakes, — ^The Mollusca of the four 
great lakes of Extern Central Africa — Lakes Albert Nyanza 
(Luta Kzige, 2720 ft), Victoria Nyanza (Ouk<Sr4w4, 3700 ft), 
Hyassa (1620 ft.), and Tanganyika (2800 ft) — are well known, 
and supply an interesting problem in distribution. Tliose of the 
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fifBfc metKiioiied lakfis differ in no way ftoni tiie iMt of 
tm^^ical Africa, bat the Mdlosea of Tanganjika indudet fa 
addition to the ordinary African demeoit. a nomber of pecidiar 
operoolate genera, belonging principally to the MelaniidM and 
Hydrobiidae. Several of these possess a solidity of form and com- 
paotoess of structure which is unusual in fresh-water gei^, and 
has led to the bdief, among some authorities, that they are die 
direct descendants of marine species, and that Tanganyika repre- 
sents an ancient marine area. This view appears untenabla 
The Victoria Kyanza and Nyassa are part of the same system as 
Tanganyika, and it is not easy to see how, if Tanganyika were 
once an atm of the sea, they were not equally so, especially as 
they ate several hundred miles nearer the Indian Ocean as at 
presfflit defined. Nor, as will be seen from the figures given 
above, is there anything in the altitudes which would make us 
expect anything exceptional in Tanganyika. The similar case of L 
Bcdkal must be compared (p. 290), where again a number of 
spedalised forms of SydroHa occur. 

Of the genera concerned, Faramdania and NaampM are 
forms of Melaniidae; Tiphobia (Fig. 219), which is allied to 
Falvdomus, is a compact shell with angulated spinose whorls ; 
Zacunopsis, Fontonbya, Limnotroehus, and Tanganyieia are prob- 
ably forms of Lithoglyphus, some, as their names denote, being 
of decidedly marine facies ; Syrtiolopsit and Twrhonilla (?) look 
like F}rramidellidae, Horea and Beymondia like Riasoina ; Fowr- 
gwignatia appears to belong to Vivipara, with which has now 
been merged the genus Neothavma. Becently discovered forms 
from the adjacent L Mweru are evidently of ^dred origin. 

(«) The Afro-Arabian Province includes Abyssinia, with S. 
Arabia, the African shores of the Golf of Aden, and Socotra. 
The province contains a singular mixture of typea The high 
ground of Abyssinia stands like a lofty European island in the 
midst of a tropical plain, with Palaearctic genera flourishing like 
hardy northern plants on a mountain in low latitudes. Mdir, 
Vitrina, and Fupa abound, with a few ClmuUia and even a 
Lmeue. On the lower levels occur Limieolaria (3 i^.), Subulina 
(7 1 ^.), Bdieeanon, and Somorm, but land operculates are entirely 
wanting. Characteristic of the province as a whole are various 
forms ^ JBidimiima, which in S^tra are represented by two 
peculiar sub-genms^ Atkatindloidea and Faaiemaidla. In S. 
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Aiabia the mixtoie at types ptodnoes cotioiw xesidts : the JBMii!, 
(MMuilWi aad VUrina b^ng Palaesrotie, the Ztmi^orte sad 
aU tile (^pensoLites Ethic^iaQ, while the stl^;le Troohomorf^ 
is ladieiL Indian influence, indeed, ctanes eat anmistakahly 
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Fla. 220. — Monusca bbarao- 
tfuristlc of L. Tanganyika : A, 
^fduopHs naata Woodw, ; 

B, S^ekia nmofa Woodw. ; 

Ct Synudopaia lacuatria K 
A. Smitii. 

throughout the provincse. Thus in Socotra there are two Oyeh^ 
topsis, in Abyssinia two Africarion (closely related to the Indian 
Oiroiia), two Microcystis, and a Ghssulcu, and in tlie Scioa dis- 
trict there is a Sitala. The fresh-water Molluscs of Socotra are 
Indian forma 

(2) The South African Sub-regioxL — The principal charac- 
teristic of the Mollusca of S. Africa is 
the occurrence of numerous small species 
of Helicidae, belonging chiefly to the 
groups Pella, Phasis, Porcasia, and 
Scvlptaria, all of which are practically 
peculiar. Carnivorous genera are also 
prominent, Ennea here attaining its 
maximum. Rhytida (to which several 
species still regarded as Pella belong) is 
common only to the S. Pacific and Aus- 
tralasia, and forms, with Isidora among 
the fresh-water pulmonates, a inmiarkable 
link of connexion. Aerope, the largest 
of all helicoid carnivorous genera, and 
Cldamydephorm, a carnivorous slug with 
an internal shell, are pcculi^tr. Axk^im 
is abundant, but Limicolarta is wanriug. u 
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Fiq. 212 . — Tiphebia Horei K. A. Smith, 
lu Tangauyika. 
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kxcm with K- continuous peristome, perhaps akin to Bklimm; 
Jptra, a fcma of dug ; and Codiaxu, a genus perhaps *ki« to 
the Papuan and Queensland Ferrieria, are all pecsuliar. . !Di8 
land operculateB, which are not numerous, are of the East 
African type. 


Land MMusca of the S. African Sub-reffion, 


OhlamyilephonsB 

1 

Viirma . 

. 7 

H6lix{i]ic,S6<}.} 4 

St^iQgyia . 

4 

Ennea . . . 

31 

Naiiina . 

. 6 

Raebis . . 1 . 

CodtoiB . 

1 

Aerope . . . 

6 

Conulus . 

. 2 

PaebnoduB . 3 

Bumiiea . 

3 

Rhytida . . . 

3 

Fatula 

. 2 

Bolimiuus (?) 4 

Va^nula . 

2 

Helicarion . . 

3 

PeUa . . 

. 44 

Pupa ... 20 

OyclopboruB 

1 

Troebonanina . 

1 

Dorcasia . 

. 8 

Vertigo . . 2 

C^oloBtonia 

7 

Trochozoriitea . 

1 

Phasis . 

. 1 

Acbatina. . 18 

Cydotus 

1 

Limax . . . 

1 

Scnlptaria 

. 2 

Livinbacea . 1 

Blanfordia . 

1 

Apera . . . 

1 







St. Helena . — ^The Molluscan fauna of St Helena is perhaps 
the most puzzling, as regards its geographical afiinities, of any in 
the world. It consists of 29 peculiar species of land Mollusca 
(firesh-water q)ecie8 being unknown), 19 of which are recently 
extinct, partly owing to the destruction of the forest, but are 
found in considerable abundance in a state of good preservation.’ 
The genera are — 

Hyalinia 1 Bulimulm 7 (5 extinct) Pupa . 8 (extinct) 

Patnla . 4 (3 extinct) Pachyotoe 1 (extinct) Sucdnes 3 

Endodonta 10 (7 extinct) Tomigerue(?) 1 (extinct) 

The 5 genera which concentrate our attention ate Fatnla, 
Endodonta, Paehyotvs (Fig. 222), Tomigerue, and Bulimulut, all 
of which i^ppear utterly strange to an oceanic island in the middle 
of the S. Atlantia Fatula and Endodonta are essentially Poly- 
nesian forms, occurring abundantly on all the island groups in 
the Central Pacifia Faehyotm, 7'omigerua (assuming its correct 
identification), and Bvlimvlue are aU S. American forms, the two 
fanner being especially characteristic of Brazil How this mix- 
ture of ^neta now confined to regions so widely distant, not only 
from Bt. Helena itself, but from one anothm*, became associated 
hme, is a problem obviously not easy of solution. The fauna 
is probably a remnant of a very ancient type, possibly at one 

* Nine tpedea here been introdoced : S from Enrapo, 8 from tho West ladiaa 1 
from tlw WMteni him. 



ICADAGASCAlt 


^35 




Mote rnttoh more widely distributied. JSndodonta (as easeoMslfy 
iosokor fcrm, like OmfhalotrofU) actoally oocuxs <m Femastdo 
NoanHiha, off the BraMl coast, and we shall see how an Xndktn 
ukI even a PolynesiMi element is piesent off the eastern coasts 
of Africa. 

Aaeenaion I. — Oite indigenous species, a so-called Limax, is all 
that has ever beeO discovered. 

(3) Tbe Malagasy Sab-region includes Hadagascar with its 
atteauiuit satellites Bourbon, Mauritius, and Bodxiguez, and the 
Seychdles and Comoro groupa No land Mollusca are known 
from ’ the Amirantes, the Chagos, or from Aldabra. The special 
characteristics of the sub-region are the great development of the 
carnivorous land Mollusca (^Ennea, Oibibvs), the occurrence of a 
considexable number of true Helicidae of great size and beauty, 
and the prouiinenoe of the genus OycloBtoma. 

(a) The MddagoMan Frovinee. — The land Mollusca of Mada- 
gascar, although as yet imperfectly known, possess a striking 
individuality. Two of the chief characteristics of the Ethiopian 
region are the paucity of its land operculate and of its Helix 
fauna ; Madagascar is especially distinguished by the rich develop- 
ment of both these groups. For size, colouring, and beauty of 
shape, the Helicidae of the two subgenera Ampelita and Hdieo- 
phanta rival, if they do not surpass, any in the world. They 
are quite peculiar to this sub-region, not a trace of them occur- 
ring on the Mascarenes, Seychelles, or even on the Gomoroa 
HelieopharUa is distinguished by the enormous size of its embry- 
onic shell, which persists in the adult (Fig. 223), and in this 
respect the group appears to be related to Aeavtis (Ceylon, Fig. 
204) and Fanda (N.E. Australia). As is usual when Helix is 
well developed, Nanina (about 12 sp.) is proportionately scanty. 

The African Bulimini (Faehnodus and Bachis) are repre- 
sented by two epecies, but Aehaii-m, so abundant tm the main- 
land, is scarce. Two other groups of Bvlimiiais, Ze/ueataienia 
and ClaxtUor, are peculiar. The presence of a single KalieUa, 
specifically identical with a common Indian form, is very 
rmnaxkable. 

Cpeloetoma proper, of which Madagascar is the metropolis, 
is richly (teveloped (54 sp.). Many of the species are of great 
me and of striking beauty of ornamentation. Unlike its Heli- 
cidae, this genus is not restricted to Madagascar; several species 
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ooorOT on maiulaudy 6 on the OomoroB, one on the Bejrobt^Ses, 
and 1 6 in Idauritius. The 6u1>genera Acfoptychid and jfihiaeMa 
are peculiar* 

The fresh-water Molluaca of Madagaecar contain further 



Fig. 222 .— awris 
milpina Desh., St. Helena 
(•ab«fo68il). 


Fig. 22B. — ffdisc(ffeliaofikafUa) 
Souverbiana Fiech., Mada- 
gsscar, showing eubryonio 
shell, x}. 


traces of Indian relationship. Thus we find two species of 
Palvtdomv*, a genua whose metropolia is Ceylon, India, and 
Further India, and which is barely represented on the Seychelles 
and in the Somali district. Mtlomairia, which is peculiar to 
iMeAtg ftHPiir , has its nearest affinities in the Cingalese and East 
TtiHUn fft tiwaa . Several of the Mdania and the two Mth^nia 



are of a type entirely wanting in Africa, 
but common in the Indo- Malay sub- 
region. Not a single one of the char- 
acteristic African fresh -vatw bivalves 
{Mutela, Spaiha, Aeiheria, &alaim, etc.) 
has been found in Msdagasoat. On 
the other hand, certain African Qaster- 


opoda, such as OUope^ and laidora, 
fatmuMr., Msdasmw- occur, iiidibating, in oqmmon ml* the 
knd Mollum, that an ultimate land connexion iwith Africa must 
have place, bat at an immeasurably maote period. 
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and tVesh^^vHiUT MoUtma qf MadagaMxr. 


Bfinea « . « 9 L^ueotaenm. B 
Uxonydns . . 2 Clavator . . 2 

S«liear|oQ(Q . 1 Achatiaa. . 3 

Macrcx^olis (?) 1 Opena, . . 2 

Ealiella . . 1 Subuliaa . . 3 

Naiiina(inc.tted.) 9 Vaginula. . 4 

Ampelila . . 35 Lunnaea . . 2 

Helioophaiita . 17 Planorbia 3 
Facbxodus 2 Isidora . . 3 
Radiis ... 2 


Melania . . 7 Cycloetoma . 54 

Meknatria . 4 Otopoma . . 5 

Paludomud . 2 Lithidion. . 1 

Vivipara. . 1 Acioptyefaia . 3 

Bitliynia. . 2 Hainesia . . 3 

Cleopatra 2 Unio ... 1 

Ampullam . 6 Corbicula. . 2 

Cyelopboiras 2 Sphaeriani . 1 

Cyclotae , 1 radium . . I 


The Comoro Idands . — This isolated group possesses about 
100 species, almost all of which are peculiar. The principal 
feature is the rich development of Ennea (30 sp.) On the whole 
the group shows more relationship to Madagascar than to the 
mainland. Thus we have six species of true Cycloetoma, and 
only one Achaiina, while among the fresh -water genera is 
Sepiaria, which is characteristic of the whole Malagasy Sub- 
region, but is absent from the mainland The Helicidae are all 
of insignificant size Peculiar to the group is the remarkable 
genus Cyclosurua (Fig. 162, p. 247). 

(J) The Mdscarene Province (Mauritius, Bourbon, Bodriguez, 
and the Seychelles). — The percentage of peculiar species, which 
is very high, can only be paralleled in the case of some of the 
West Indian islands, and sufficiently attests the extreme isola- 
tion of the group from Madagascar. We have — 


Mauritius . 

Total sp. 

. 113 

Land sp. 

104 

Fresh’Wator 

»p. 

9 

Peculiar. 

78 

Pecnliar to 
group. 

102 (80 P.C.) 

Bourbon 

. 45 

40 

5 

19 

38 (64 p.c.) 

Rodiigaez . 

. 23 

19 

4 

15 

21 (95 p.&) 

SeyebeUes . 

. 34 

27 

7 

24 

30 (90 p.c.} 


* The Mbllusca of the group exhibit three distinct elements, 
the Indigenous, the Madagascan, and the Indian and Austra- 
lasian. 

The genus Pmhyetyla (^aninidae) is quite peculiar, forming 
tdie main portion of the land snails proper. It attains its maxi- 
mum in Mauritius (17 sp.), with 5 sp. in Bourbon and one 
sub-fosail sp. in Bodriguez, while in the Seychelles it is absent 
But the principal feature of the Mascarene group is the extra- 
ordinary development of the carnivorous genus which has 

VOL. ni z 



338 RELATION OF THE MASCARENES TO INDIA 


CHAIN 


27 sp. in Mauritius, 8 in Bourbon, 4 in Eodrigue)5; in the 
Seychelles it is replaced by Edentuliim and Streptostele. The 

principal link with Madagascar is 
it^ found in a part of the operculate 

land fauna. Cydosioim is present 
X (with Otopoma) in sever^ fine 

living forms, and the number of 
sub-fossil si^ecies is a clear iiidi- 
W cation that this group was, not 

long ago, much more abundant, 
for of the 16 Cyclostorria known 
^ B " Mauritius 10 are sub-fossil. 

Tl“ "peculate, fon« a teidrf 
A', young of same ; B, Oibtma lyone- feature of the land fauna ; thus 
tumuaVuM Mauritius there are 32 species, 

or more than 28 per cent of the whole. 

Indian and Australasian affinities are unmistakably present. 
Thus Omphcdotropis, a genua characteristic of sy/iall islands, is 
profusely represented, but it does not occur in Madagascar or 
Africa. Two Helicina (Mauritius and Seychelles) and a single 
Leptopoma (possibly a Leptopomoides) are also of eastern relation- 
ship, Cyelotopsis, Cyathopoma, and Geostilhia are markedly 
Indian genera. Microcystis, Patula, and Toriiatdliim are Poly- 
nesian. Hyalimcux — and this is a very striking fact — occurs 
nowhere else but in the Andamans and Nicobars, and on the 
Aracan coast. The nearest relation to the Seychelles Mariadla 
appears to be the Cingalese Tennentia, Not a single repre- 
sentative of these eleven genera has been found even in Mada- 


gascar. 

The fresh -water Mollusca (omitting the Neritidae) are: 
Mauritius 9 species. Bourbon 5, Rodriguez 4, Seychelles 6, with 
only 15 species in all. The one Planorhis and the Vivipara, 
the Paludomus and two of the Melania are of Indian types. The 
Lantzia (peculiar to Bourbon) is probably allied to the Indian 
Camptonyx. Owing to the paucity of permanent streams, no 
fresh-water bivalves occur. Among the Neritidae is a single 
Septaria, a genus which, though occurring in Madagascar* is. 
entirely strange to Africa, and is abundant in the Oriental and 
Australasian regiona 

It woidd seem probable that when the closer connexion which 
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at 0116 time undoubtedly existed between India and Eastern 
Africa began to be less continuous,^ the Mascarene group was 
first severed from what ultimatdy became Madagascar, while the 
Sqrehelles, and perhaps the Comoros, still continued united to it. 
The Comoros, which lack the great Helices, separated off from 
Madagascar first, while the Seychelles continued in more or less 
direct union with that island suflSciently long to receive the pro- 
genitors of Stylodonla (a peculiar group of Hdix), but became 
disunited at an exceedingly remote period. 

E. nie Nearctic Begiou 

The southern boundary of this region may be regarded as 
roughly corresponding to that of the United States, i.e. Lower 
California and Mexico are excluded. The southern portion of 
Florida belongs to the Antillean sub-region. 

The principal characteristic of the Nearctic Eegion is the 
remarkable poverty of its land Mollusca. No district in the 
world of equal extent is so poor in genera, while those which 
occur are generally of small size, with scarcely anything re- 
markable either in colouring or form. The elongated land shells 
{ClaudUa, Buliminus), so characteristic of Europe, are entirely 
wanting, but a few Bulimvlus, of Neotropical origin, penetrate 
Texas, and from the same sources come a few species of Glandina 
(as far north as S. Carolina), Holospira (Texas), and Helicina, 

The region falls into two well-marked sub-regions, the N. 
American and the Californian, with the Bocky Mountain district 
as a sort of debatable ground between them. The Californian 
sub-region consists of the narrow strip of country between the 
Sierra Nevada, the Cascade Mountains and the coast-line, from 
San Diego to Alaska ; the N. American sub-region consists of the 
remainder of the region. 

( 1 ) The N. American Sub-region. — The carnivorous genera 
are represented solely by the few Glandina mentioned above, 
and by the indigenous genus Selenites, a form mid- way between 
Testaeella and Limas, whose metropolis is on the Pacific slope, 

^ It is by no means implied that unbroken land communication betveen India 
and Madagascar, across the Indian Ocean, ever existed. A series of great isLands, 
whose remains are attested by the Ohsgos and other banks, would be quite sufficient 
to aocount for the results, as we ilnd them. See especially Medlicolt and Bianfomii 
qf hdia^ vol. i. p. Ixriii. 
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hut which' spreads eastward into the Antilles. Among the 
Limacidae^ Limax is common to both sub-regions, but Tebenm^ 
phoTus (4 sp,, 3 of which belong to the genus Fcdlifer^), a 
genus found also in China and Siam, and Vitrinozonites do not 
occur in the Californian. Hyalinia {Zomtes) is fairly abundant, 
especially in the groups Mesomphix and QoMrodonta (peculiar 
to this sub-region), and Hyalinia proper. Palida is well re- 
presented The Helicidae belong principally to the groups 
Memdony Stenotrema, Triodopais, Polygyra^ and Strobila, only 6 
of which, out of a total of 84, reach the Pacific slope. I^d 
operculates are conspicuous for their almost complete absence 
(see Ma,p,frontiq>iece), 

The poverty of the land fauna is atoned for by the extra- 
ordinary abundance and variety of the fresh-water genera. A 
family #of operculates, the Pleuroceridae, with 1 0 genersi and 

Pia 226. — Characteristic 
North American Mol- 
lusca. A, ffeitx {Me- 
sodon) paUuUa Say, 
Ohio. B, H^ix {Foiy- 
gyra) cerwlus Milhlf., 
Texas. C, Patuia al* 
tenuUa Say, Tennessee. 

about 450 species, is quite peculiar, a few stragglers only reach- 
ing Central America and the Antillea The nucleus of their 
distribution is the Upper Tennessee River with its branches, and 
the Coosa River. They appear to dislike the neighbourhood of 
the sea, and are never found numerously within 100 miles 
of it. They adhere to stones in rapid water, and differ from the 
Melaniidae of the Qld World and of S. America in the absence 
of a fringe to the mantle and in being oviparous. They do not 
occur north of the St. Lawrence River, or north of U.S. 
territory in the west, or in New England. Three-quarters of 
all the known species inhabit the rough square formed by the 
Tennessee River, the Mississippi, the Chattahoochee River, and 
the Gulf of Mexico. The Mississippi is a formidable barrier to 
their extension, and a whole section (Tiypanostoma, with the 
four genera Jo, Hewrocera, AngiArma, and lAthatiia) does not 
occur west of that river. The Viviparidae are also very largely 
developed, the genera Hfelantho, Lioplax, and Tvlotoma being 
peculiar. The l*ulmouata ore also abundant, vdiile the richness 
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of the Unionidiie muy be gathered from the fact that Wetherbjr 
states^ that in 1874 no less than 832 species in all had been 
described. 

The entire Mississippi basin m inhabited by a common 
assemblage of Unionidae, and a considerable number of the 
q^es are distributed over the whole of this area, Texas, and 
parts of £. Mexica Some species have spread out of this area 
into Michigan, Canada, the Bed Biver, and Hudson’s Bay district, 
and even into streams in New York which drain into the 
Atlantic. An entirely different set of forms occupy the great 
majority of the rivers falling into the Atlantic, the Appalachian 
Mountains acting as an effective barrier between the two groups 
of species, which appear to mingle below the southern end of the 
range. In many cases Unionidae seem to have no difficulty in 
migrating from river to river, if the distance is not extreme ; 
they probably are carried across overflowed districts in time of 
flood.® 


(2) The Oalifornian Sub-region is markedly distinct from 
the rest of N. America. The characteristic sombre Helices 
of the Eastern States are almost entirely 
wanting, and are replaced by Arionta (20 
sp.), a laiger and more varied group, wMch 
may have some affinity to Chinese forms. 

Glyptod<ma (1 sp.) is also peculiar. StU- 
nites here has its metropolis, and FristUoma 
is a remarkable group of small Hyalima 
{2k>nite$\ but the l^ger forms of the Eastern 
States mre wanting. Several remarkable 
and quite peculiar forms of slug occur, 
namely, Arioliviax (whose nearest relation is 
Avion), Prophymon, HemphUlia, and Binneya. 
land operculatea 

Not more than 15 to 20 species of the Pleuroceridsie (sect. 
Ooniohcms) occur west of the Bocky Mountains, and only a single 
Unio, 5 Anodonta, and 1 Margaritana, which is common to 
New England. Fompholyx is a very remarkable ultra-dextral 
form of Limmea, apparently akin to the Choanoviphdus of 



Fig. (iiri- 

onta) Jiddia Gray, 
OMgon. 

There are no 


1 Jounu Oinc. Soe, Ktit. JffiaL iii. p. 317. Tha number ia doabtlesa susceptible 
of very oondderoble reductioii, say by one-half at lesst. 

^ Simpson, Amer, BaL xxvU. 1893, p. 854. 
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li. Baikal BUhynia, absent from the Eastern States, is repre- 
sented by two species The general indications are in favour of 
the Californian fauna having migrated from an Old World source 
after the upheaval of the Sierras ; the American fauna, on the 
other hand, is purely indigenous, with no recent Old World 
influence at all. 

Lavd Mollusca of the Nearetic Begion 

Qlandina . . 4 PristUoma . 2 Praticola . 2 Strobila . . 2 

Sdwites . . 6 Tebennophorus 4 GljptoBtoma 1 Papa . . .18 

LiB0x ... 4 Ariolimux . 6 Mesodon . 27 Vertigo * 8 

Vitriira . , 4 Prophysaon . 2 Stenotrema . 1 1 Holospira . 2 

Vitrino^onites 1 Henipbillia . 1 Triodopsis . 21 Cionella . . 1 

Mesomphix . 16 Bimieya . . 1 Polygyra . 23 Bulinmliis . 6 

Hyalinia . . 22 Patula . .18 Polygyrella . 2 Macrocerainns 1 

ContiluB . . 1 Punctum 2 Oonoetoma . I Succinea . .21 

Qaetrodonta . 9 Arionta . . 20 Yallonia. . 1 Vagbulus. . I 

Helicina . . 2 

F, The Neotropical Region 

The land Mollusca of the Neotropical Region stand in com- 
plete contrast to those of the Nearctia Instead of being scanty, 
they are exceedingly abundant; instead of being small and 
obscure, they are among the largest in size, most brilliant in 
colom, and most singular in shape that are known to exist. At 
the same time they are, as a whole, isolated in type, and exhibit 
but little relation with the Mollusca of any other region. 

The most marked feature is the predominance of the peculiar 
genera Bvlimus and Bviimvius, the centre of whose develop- 
ment appears to lie in Peru, Ecuador, and Bolivia, but which 
diminish, both in numbers and variety of form, in the eastern 
portion of the region. In the forests of Central America, 
Venezuela, and Ecuador, and, to a lesser degree, in those of Peru 
and Brazil, occurs the genus Orthalicvs, whose tree-dimbing 
habits recall the Coehloatyla of the Philippines. These three 
groups of bulimoid forms constitute, as far as the mainland is 
concerned, the preponderating mass of the land Mollusca. Helix 
proper is most strongly developed in the Greater Antilles, which 
possess several peculiar groups of great beauty. In Central 
America Helix is comparatively scarce, but in the northern 
portions of the continent several fine genera 
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Immeria, Solarapm) occur, which disappear altogether towards 
the south. 

Carnivorous land Mollusca are, so far as Central America is 
concerned, more highly developed than in any other quarter of 
the world, particularly in the genera Olandina and Btnptostyla, 
These genera also penetrate the northern portions of the con- 
tinent, Glandiifut reaching as far as Ecuador, and Strepiostyla as 
far as Peru. The Greater Antilles have also characteristic forms 
of these genera. Streptaxis is tolerably abundant all over 
tropical South America, and is the one pulmonate genus which 
shows any affinity with the African fauna. 

The slugs are exceedingly scarce. Vagintda occurs through- 
out, and is the only genus in any sense characteristic. 

Clausilia, in the sub-genus Nenia, occurs along the Andean 

chain from the extreme north (but 

not in Central America) as far south 

as Bolivia. It has in all probability 

made its way into S. America in ■ 

exceedingly remote ages from its head- 

(quarters in Eastern Asia. No species 

survives in N. America, and a single 

straggler is found in Porto Eico. The « , 

XV I* 1 71 1 Fig. 228.— ^(w?Mi7onya;«nfirwwFer., 

genera Mmrocenmm, Cylimlrelfa, and Bemerara. sh, Shell (shown 

kropkia, are characteristic West eeparate); pulmonary 

Indian forms, which are only slightly 

represented on the mainland. NomcUonyx, a curious form akin 
to Sucxinea, is peculiar to the region. 

Land operculates attain a most extraordinary development in 
the Greater Antilles, and constitute, in some cases, nearly one- 
half of • the whole Molluscan fauna. Several groups of the 
Cyclostomatidae find their headquarters here, and some spread 
no fkrther. On the mainland this prominence does not continue. 
West Indian influence is felt in Central America and on the 
northern coast district, and some Antillean genera make their 
way as far os Ecuador. The whole group entirely disappears in 
Chili and Argentina, becoming scarce even in Brazil. 

Among tlie fresh- water operculates, Ampullaria is abundant, 
and widely distributed. Vivipara, so characteristic of N. 
America, is entirely absent. ChUina^ a remarkable fresh-water 
pulmonate, akin to is peculiar to Chili, Patagonia, and 
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ScHitheni BcazU, but is not found in the tropical pm-tion of tile 
continent. Of the firesh-water PelecTpoda Myctitogm, S^riet, 
Caxteiia, LtHai and MnUeHa are peculiar forms, alriw to tiie 
Unionidae. 

(1) The Antillean Snb-region surpasses all other districts in 
the world in respect of (1) extraordinaiy abimdance of species^ 
(2) sharp definition of limits as a whole, (3) extreme localitutimi 
of the fauna of the separate islands. The sub-region indndes the 
whole of the half-circle of islands from the Bahamas to Orenada, 
together with the extreme southern end of the peninsula of 
Florida, which was once, no doubt, a number of small islands like 
the Bahamas. Trinidad, and probably Tobago, although obtain- 
ing an Antillean element, belong to the mainland of & America, 
horn which they are only separated by very shallow water. 

The sub-region appears to fall into four provinces : — 

(a) Cuba, the Bahamas, and S. Florida; (h) Jamuca; (e) 
San Domingo (Haiti), Porto Bico, and the Virgin I&, with the 
Anguilla and St. Bartholomew group; (d) the islands from 
Guadeloupe to Grenada. The first three provinces contain the 
mass of the characteristic Antillean founa, the primary feature 
being the extraordinary development of the land operculates, 
which here reaches a point unsurpassed in any other quarter 
of the globe. The relative numbers are as follow : — 

Cuba. Jamaica. San Domingo. Porto Bioo. 

Inoperculate , 362 221 152 75 

Opereolste . . 252 242 100 23 

It appears, then, that the proportion of operculate to inoper- 
culate species, while very high in Cuba (about 41 per cent of the 
whole), reaches its maximum in Jamaica (where the opmculates 
are actually in a majority), begins to decline in San Domingo 
(about 40 per cent), and continues to do so in Porto Bico, where 
they are not more than 24 per cent of the whole Tlwee qper- 
culates almost all belong to the families Oyclostomatidae and 
Helicinidae, only two genera {Aperostoma and MegalomagtonuC) 
belonging to the Cydophorus group. Comparatively few genera 
are absolutely peculiar to the islands, one or two qiecies motii 
of them occurring in Central or S. America, but of the several 
hundreds of operculate species which occur on tihe islands, not 
two score are common to the mainland. 
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The next special feature of the sub-region is a remarkahle 
development of peculiar sub-genera of Mdis, In this respect 
the Antilles present a striking contrast to both Central and S. 
America, where the prime feature of the land Pulmonata Is the 
profusion of Bulimua and JBviimul'us, and ffelix is relatively 
obscured. No less than 14 sub-genera of Sdix, some of which 
contain species of almost unique beauty and sise, axe quite 
peculiar to the Greater Antilles, and sojne are peculiar to in- 
dividual islanda 

Here, too, is the metropolis of Cylindrtlla (of which there are 
130 species in Cuba alone), a genus which just reaches S. America, 
and has a few species along the eastern sea-board of the Gulf ot 
Mexico. McLcroceramus and Strophia are quite peculiar; the 
former, a genus allied to Cylindrdla^ which attains its Tnaximum 
in Cuba and San Domingo, is scarcely represented in Jamaica, 
and disappears south of Anguilla; the latter, a singular form, 
resembling a large Pupa in shape, which also attains its maxi- 
mum in Cuba, is entirely wanting in Jamaica, and has its last 
representative in S. Croix. One species irregularly occurs at 
Cura9ao. 

The carnivorous group of land Mollusca are represented by 
several peculiar forms of Glandiiia, which attain their maxim nm 
in Jamaica and Cuba, but entirely disappear in the Lesser 
Antilles. 

A certain number of the characteristic N. American genera 
aie found in the Antillean Sub-region, indicating a former con- 
nexion, more or less intimate, between the W. Indies and the 
mainland. The genera are all of small size. The characteristic 
N. American Hyalinia are represented in Cuba, San Domingo, 
Porto Bico ; among the Helicidae, Polygyra reaches Cuba, but 
no farther, and StrohUa Jamaica. The fresh-water Pulmonata are 
of a N. American type, as far as the Greater Antilles are con- 
cerned, but the occurrence of Ouridla^hia (Tasmania and Trinidad 
only) in Cuba is an unexplained problem at present Unionidae 
significantly occur only at the two ends of the chain of islands, 
not reaching farther than Cuba {Unio 3 sp.) at one end, and 
Trinidad (which is S. American) at the other. 

A small amount of S. American influence is perceptible 
throughout the Antilles, chiefly in the occturrence of a few species 
of Bulimvlus and 8impvlop«is The S. American element may 
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have strayed iato the sub-region by three distinct routes ; (1) 
by way of Trinidad, Tobago, and the islands northward ; (2) by 
a north-easterly extension of Honduras towards Jamaica, forming 
a series of islands of which the Kosalind and Pedro banks are 
perhaps the remains; (3) by a similar approximation of the 
peninsula of Yucatan and the western extremity of Cuba. 
Central America is essentially S. American in its fauna, and the 
characteristic genera of Antillean operculates which occur on its 
eastern coasts are sufficient evidence of the previous existence of 
a land connexion more or less intimate (see map). 

(a) Cuba is by far the richest of the Antilles in land Mollusca, 
but it must be remembered that it is also much better explored 
than San Domingo, the only island likely to rival it in point of 
numbera It contains in all 658 specdes, of which 620 are land 
and 38 fresh- water, the land operculates alone amounting to 252. 

Carnivorous genera form but a small proportion of the whole. 
There are 18 Glandina (which belong to the sections Varicella 
and Boltenia) and 4 Streptostyla, the occurrence of this latter 
genus being peculiar to Cuba and Haiti (1 sp.) among the 
Antilles, and associating them closely with the mainland of 
Central America, where Sirepiostyla is abundant. These two 
genera alone represent the Agnatha throughout the sub-region. 

There are no less than 84 species of Helix, belonging to 12 
sub-genera. Only one of these {Polymita) is quite peculiar to 
Cuba, but of 7 known species of Jeanerettia and 8 of Coryda, 6 and 
7 respectively are Cuban. Thelidomus has 15 species (Jamaica 
3, Porto Kico 3) ; Polydontes has 3, the only other being from 
Porto Eico; HemitrochitshaB 12 (Jamaica 1, Bahamas 6); Cysti- 
copsie 9 (Jamaica 6); Eurycampta 4 (Bahamas 1). 

The Cyliridrellidae find their maximiun development in Cubfi^ 
As many as 34 Mocroceramus occur (two-thirds of the known 
species), and 130 Cyliridrella, some of the latter being most 
remarkable in form (see Fig. 151, B, p. 247). 

The land operculates belong principally to the families 
Cyclostomatidae and Helicinidaa Of the former, Cuba is the 
metropolis of Ctenopoma and Chondropoma, the former of which 
includes 30 Cuban species, as compared with 1 from San 
Domingo and 2 from Jamaica. Megdlomastoma (Cyclophoridae) 
is also Haitian and Porto Eican, but not Jamaican. Slaseoepira, 
Xenopoma, and Eiplopoma are peculiar. The Helicinidae con- 
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BiBt mainly of Selkina proper (58 Bp.), which here atteins by 
far its finest development in point of size and beauty^ ima of 
Eutrochatella (21 sp.), which is peculiar to the three great islaA^ 
(Jamaica 6 sp., San Domingo 6 sp.) 

The BahaTnm, consisting in aU of more than 700 islands, are 
very imperfectly known, but appear to he related partly to Cuba, 
partly to San Domingo, from each of which they are separated 
by a narrow channel of very deep water. They fire certainly 
not rich in the characteristic groups of the Greater Antillea 
The princij)al forms of ITelix are Plagioptycha (6 sp.), common 
with San Domingo, and Hemitroehus (G sp.), common with Cuba. 



Pio. 229. — Characteristic 
Cuban Helices. h^Poly- 
doifUei imperutor Moiitf. 
B, Caraccltis rmtrata 
Pfr. C, Polymita 
caruni Lea. 


Strophia is exceedingly abundant, but CylindreUa, Macrocemmus, 
and Glandina have but few sj)ecie8. There are a few species of 
Gtenopovia, Chondropoma^ and Cistvla, while a single Schasicheila 
(absent from the rest of the sub-region) forms a link with 
Mexico, 

Southern Florida, with one or two species each of Hemitrochus, 
Cylindrella, Macroeeranius, Strophia, Otenopoma, and Chondropoma, 
belongs to this province. 

(ft) Jamika , — The land Mollusca of Jamaica are, in point of 
numbei^s and variety, quite unequalled in the woidd. There are 
in all as many as 56 genera and more than 440 species, the 
latter being nearly all i)eculiar. The principal features are the 
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Olandinae, the Helioidae, and the laud operculatea The Olan- 
dinae belong principally to the sub-genera Varicella, Melia, and 
Vohitaxis, Streptodyla teing absent, although occurring in Cuba 
and San Domingo. There are 10 genera of Selix, of which 
PleuTOdonta is <iuite peculiar, while Sagda (13 sp.) is common 
only with S.W. San Domingo (2 sp.), and Leptoloma (8 sp.) only 
with Cuba (1 sp.) The single Strobila seems to be a straggler 
from a N. American source. Macroceramvs has only 2 species as 
against 34 in Cuba, and of CylindreUa, in which Cuba (130 sp.) 
is so rich, only 36 species occur. The genus Leia, however (14 
sp.), is all but peculiar, occurring elsewhere only in the neighbour- 
ing angle of San Domingo, which is so closely allied with Jamaica. 
The complete absence of Strophia is remarkable. 






Fia. 230. — Chanicteriatic Jamai- 
can and Haitian Mollusca : 
A. Sagda qnstfflivm Miill., 
Jamaica ; B, Chond/npoma 
sodUanuta Pfr., San Domingo ; 
C. EiUroehatdla TanhmfUUt 
Gray, Jamaica ; D, Cylin- 
drdda agnesiana C. B. Ad., 
Jamaica. 


The land ojxjrculates form the bulk of the land fauna, there 
being actually 242 species, as against 221 of land Pulmonata, a 
proportion never again approached in any part of the world. 
As many as 80 of these belong to the curious little genus Stoa>- 
stoma., which is all but peculiar to the island, one species having 
been found in San Domingo, and one in Porto Rico. Geomelania 
and C/iittya, two singular inland forms akin to Tmincatella, are quite 
peculiar. Alcadia roaches its maximum of 14 species, as against 
4 species in San Domingo and 9 species in Cuba, and Lucidella 
is common to San Domingo only ; but, if StoaMoma be omitted, 
the Helicinidae generally are not represented by so many or by 
so striking forms as in Cuba, which has 90 species, as against 
Jamaica 44, and San Domingo 35. 
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(<$) San Domingo, although not characterised the extra- 
ordinary richness of Cuba and Jamaica, possesses many specially 
remarkable forms of land Mollusca, to which a thorough explora- 
tion, when circumstances permit, will no doubt make important 
additiona From its ge<^[raphical position, impinging as it does 
on all the islands of the Greater Antilles, it would be expected 
that the fauna of San Domingo would not exhibit equal signs of 
isolation, but would appear to be influenced by them severally. 
This is exactly what occurs, and San Domingo is consequently, 
although very rich in peculiar species, not equally so in peculiar 
genera. The south-west district shows distinct relations with 
Jamaica, the Jamaican genera Leia, 8toa$toma, Lwaiddla, and the 
Thaumasia section of CylindreUa occurring here only. The 
north and north-west districts are related to Cuba, while the 
central district, consisting of the long band of mountainous 
country which traverses the island, contains the more char- 
acteristic Haitian forms. 

The Helicidse are the most noteworthy of the San Domingo 
land MoUusca. The group Ewrycratera, which contains some 
of the finest existing land snails, is quite peculiar, while Par- 
thena, Cepolis, Plagioptycha, and Caracolus here reach their 
maximum. The Cylindrellidae are very abundant, but no 
section is peculiar. Land operculates do not bear quite the same 
proportion to the Pulmonata as in Cuba and Jamaica, but they 
are well represented (100 to 152); Polleia is the only peculiar 
genus. 

The relations of San Domingo to the neighbouring islands 
are considerably obscured by the fact that they are well known, 
while San Domingo is comparatively little explored. To this 
may perhaps be due the curious fact that there are actually more 
species common to Cuba and Porto Eico (26) than to Porto Eico 
and San Domingo. Cuba shares with San Domingo its small- 
sized Caracolus and also Liguus, but the great Ewrycraiera, Par- 
thena, and Plagioptycha are wholly wanting in Cuba. The land 
operculates are partly related to Cuba, partly to Jamaica, thus 
Ohoanopoma, Ctenopoma, Cistvla, Tudora, and many others, are 
represented on all these islands, while the Jamaican StoaMoma 
occurs on San Domingo and Porto Eico, but not on Cuba, and 
Zucidella is common to San Domingo and Jamaica alone. An 
especial link between Jamaica and San Domingo is the occurrence 
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in the south- wek district of the latter island of So^da (2 
The relative numbers of the genera StropJiia, Mticroceravtus, and 
Selicina, as given below (p. 351), are of interest in this con- 
nexion. 

Purio Biro, with Vi^que, is practically a Augment of San 
Domingo. The points of close relationship are the iweurrenee of 
Caracolm, Gejwlis, and PartheTM among the Helicidae, and of Sim- 
pulopm,Pseudobalea, and Stoastoma. Cylindrella and Hfnewreramvs 
are but poorly represented, but Strophia still occura The knd 


Fig. 231. — Examples of West 
Indian Holice.s : A, lleJtix 
[Pnrt/iena) ang^data For,, 
Porto Kieo ; B, Helix ( The- 
lidomus) lima Fer., Vi^que; 
C, JIeh.c (bentHlarltx) nii^c 
deuticulaiu Chum., Martin- 
ique. 

B C 

voptirculatcs (see the Talile) show equal Rigns of removal from the 
heailquartera of development. Megulomastoma, however, has some 
striking forms. The appearance of a single Climsilia, whose 
nearest relations ai’e in the northern Andes, is very remarkable. 
Oaeotis, which is allied to Peltclla (Ecuador only), is peculiar. 
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Lavd Molluica qf the Greater Antilles. 







1 

a 

1 





1 

s 

1 



1 

1 

1 



i 

1 

1 



5 


od 

s 



5 


fid 

& 

GUndina 

. 18 

24 

16 

8 

Opeas 


8 

(?) 

4 

6 

Strepfcostyla 

4 


2 


Subulina 


6 

14 

2 

2 

Volutaxia . 


11(1) 

1 


Glandinclla . 


1 


... 

... 

Selenites 

Hyaliiiia 

1 1 

. 4 

li 

‘5 

6 

Spiraxis 
Melaniella . 


2 

7 

r?) 

2 

1 

Patula 

. 5 

1 



Geostilbia . 


1 


*1 

... 

Sagda . 

■ ... 

13 

”2 

... 

Gionella 


2 

... 


... 

Microphyaa . 

. 7 

18 

S 

3 

Leptinaria . 


... 

1 


3 

Cysticopsis . 
Hygromia (1) 

. 9 

6 

3 


OlwlisciiB 

Pnpa . 


*2 

1 

1 

3 

2 

2 

l^eptaxis (1) . 

Polygyra • 

* «« 4 


1 


Vertigo 


4 

... 

... 

... 

. 2 




StropSis 


19 

... 

8 

2 

Joanerettia . 

. 6 


• •• 

1 

Clausilia 


... 



1 

Euclasta 




4 

Succinea 


11 

*2 

*5 

3 

Plagioptychn 

Strabila 

. ... 

i 

14 

2 

Vaginula 

Megaloniastoma 


2 

13 

2 

2 

1 

1 

3 

Dialeuca 


1 

... 


Neocyclotus 


1 

38 0) 



Leptoloina . 

! i 

8 

... 


Licina 


1 

... 

3 


Enrycainpta 

. 4 


... 


Jamaicia 


... 

2 

’3 

1 


Coryda 

Thelidomus 

. 7 

, 15 

"3 

... 

*3 

Crocidopoma 

Eolleia 


... 

1 


Eurycratera 

• ... 


”7 


Choanopoma 


25 

I 2 

19 

8 

Parthena 

• 


2 

2 

Cteuopoma . 


30 

2 

1 

‘3 

Cepolis 



3 

1 ! 

Cistula 


15 

3 

3 

Caracolus . 

'. *8 


6 

2 < 

Chondropoma 

Tudora 


57 

(?) 

19 

4 

Polydoutes . 

3 


... 

1 


7 

17 

5 


Hemitrochiis 

. 12 

1 



Adaniaiella , 


1 

12 



Polyraita . 

. 5 



... . 

Hlaesospira . 


1 

... 



Plea rod outa 


34 

... 


Xenopoma . 
Cistula 


1 




lac. Bed. 

! 5 





15 

”3 

3 


Simpalopsia 



i 

i i 

Colobostyliis 


4 

13 

5 


Balimiilua . 

.* 3 

’3 

6 

7 

Diploporaa . 


1 


... 


Oi-thalicuB . 

. 1 

1 



Geomelania 


... 

21 

... 


Liguus 

Gaeotis 

. 3 

... 

i 

3 i 

Chittva 
Hlandiella . 



1 

1 


Pineria 

2 

... 


1 

Stoastoma . 



80 

1 

i 

Macroceramus 

. 34 

2 

14 

3 

Eutrochatella 


21 

6 

6 


Leia . 


14 

2 


Lucidella 



4 

1 


Oylindrella . 

! 136 

36 

35 

3 

Alcadia 


9 

14 

4 

9 

Paeudobalea 

2 


1 

i 

Helicina 


58 

16 

24 

Stenogyra . 

! 6 

”7 

(?) 

... 1 

Proserpina . 


2 

4 

... 

... 


The Virgin Is., with St. Croix, Anguilla, and the St. Bar- 
tholomew group (all of which are non-volcanic islands), are 


related to Porto IJico, while Guadeloupe and all the islands to the 
south, up to Grenada (all of which are volcanic), show marked 
traces of S. American influence. St. Kitt’s, Antigua, and 
Montserrat may be regarded as intermediate between the two 
groups. St. Thomas, St. John, and Tortola have each one 
PUigioptyeha and one Thelidomus, while St. Croix has two sub- 
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fossil CartusduB yrhxch are now living in Porto Eico, together with 
one Flagioptyci^ wd one Thdidomus (sub-fossil). The gradual 
ihsappearance of some of the characteristic greater Antillean 
fon^« and the appearance of S. American forms in the Lesser 
AntiUeS) is shown by the following table : — 



(d) In Guadeloupe we find Cyclophorus, ArnphibidimvA, Homed- 
onyx, and Fdlicvla, which are characteristic of S. America, and 
nearly all recur in Dominica and Martinique. These islands are 
the metropolis of Dentellaria, a group of Hdix, evidently related to 
some of the forms developed in the Greater Antilles. Stragglers 
occur as far north as St. Kitt’s and Antigua, and there are several 
on the mainland as far south as Cayenne. Traces of the great 
Bvdimw, so characteristic of S. America, occur as far north as S. 
Lucia, where also is found a Parthena (San Domingo and 
Porto Rico). Trinidad is markedly S. American ; 56 species in 
all are known, of which 22 are peculiar, 28 are common to S. 
America (8 of these reach no farther north along the islands), 
and only 5 are common to the Antilles, bu£^ not to S. America. 
The occurrence of Gundlachia in Trinidad has already been 
mentioned. 

The Bermudas show no very marked relationship either to 
the N. American or to the West Indian fauna. In common 
with the former they possess a Polygyra, with the latter (intro- 
duced species being excluded) one species each of Hyalosagda, 
Suhvlifia, Vaginvla, and Helicina, so that, on the whole, they 
may be called West Indian. The only peculiar group is PoeaUo- 
zonites, a rather large and depressed shell of the Hyalinia type. 
(2) The Central Amerkan Snb-region may be regan^ as 
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axtending from the political boundary of Mexico in the north 
to the isthmus of Panama in the south. It thus impinges on 
three important districts — the N. American, West Indian, and S* 
American ; and it appears, as we should perhaps expect, that the 
two latter of these regions have considerably more influence 
upon its fauna than the former. Of the N. American Helicidac, 
Polygyra is abundant in Mexico only, and two species of Strohila 
reach N. Guatemala, while the Californian Arionta occurs in 
Mexico. S. American Helicidae, in the sub-genera Solaropda 
and LahyrinthuSy occur no farther north than Costa Bica. Not 
a single representative of any of the characteristic West Indian 
Helicidae occurs. Bulimulua and Otostomus, which form so large 
a proportion of the Mollusca of Venezuela, Colombia, Ecuador, and 
Peru, together with Orthalicus, are abundant all over the region. 
Again, Cyliindrella, Macroceramus, and some of the characteristic 
Antillean operculates, are represented, their occurrence being in 
most cases limited to the eastern coast-line and eastern slope of 
the central range. 

Besides these external elements, the region is rich in indigenous 
genera. Central America is remarkable 
for an immense numl)er of large carni- 
vorous Mollusca possessing sheila There 
are 49 species of Olmidina, the bulk of 
which occur in eastern and southern 
Mexico; 36 of Streptostyla (S.K Mexico 
and Guatemala, only 1 species reaching 
Venezuela and another Peru); 5 of Sala- 
della, 2 of Petenia, and 1 of Strebelia ; the 
last three genera being peculifir. Strept- 
caeis, fairly common in S. America, does 
not occur. Velifera and Cryptostraeon, 
two remarkable slug-like forms, each with 
a single species, are peculiar to Costa Eiea. 

Among the esjKicial peculiarities of the 
region are the giant forms l)elonging to the 
Cylindrellidae, which are known as Ifolo- 
spira, Etmdodiutn, and Coelocentram (Fig. 

232). They are almost entirely jHiculiar 
to Mexico, only 7 <Hit of a total of 33 reaching bt)uth of that 
district, and only 1 not occurring in it at all 

VOL. Ill 2 A 



Fig. 232. » Examples of 
characteristic Sfexicau 
Mollusca : A, Codomi' 
trim turriB Pfr. ; R, 
Sli'eptostyla IkHatimi 
Pfr. 
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The land operculates are but scanty. Tomocyclw and Amphi- 
cyclotus are peculiar, and Schaaicheila, a form of Selicina, oecttrs 
elsewhere only in the Bahamas. Geres (see Fig. 18, C, p. 21) and 
Proserpinella, two remarkable forms of non-operculate Helicinidae 
(compare the Chinese Heudeia), are quite peculiar. Pdohychilus, 
one of the characteristic fresh-water genera, belongs to the S. 
American (Melaniidae) type, not to the N. American (Pleuro- 
ceridae). Among the fresh-water Pulmonata, the Aplecta are 
remarkable for their great size and beauty. In the accompany- 
ing table " Mexico ” is to be taken as including the region from 
the United States border up to and including the isthmus of 
Tehuantepec, and Central America ” as the whole region south 
of that point. 


Strebelia 
Glandina 
Salasiella 
Streptostyla 
Petenia . 

Limax . 
Velifera 
Omphalina 
Hyaliuia 
Guppya 
Paeudohyaliiia 
TebeimopUorus 
Cryptostracon 
Xanthonyx 
Patula . 
Acanthinula . 
Valloma 
Triohodiscus . 
Praticolella 
Arionta 
Lysiiioe 
Oxychona 
SoUropsis 
Poly^ra 
Strobila 
Labyrinthua 
Otostomus 
Bulimultts 


Land Mollusca of Central America 


Mexico only. 
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only. 

Common to 
both. 
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(3) Tbfl Ckdomlriaii Sub -region inclades Colombia, New 
Grenada, Venezuela, Guiana, Ecuador, Peru, and Bolivia. It has 
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been usual to separate off the two latter countries as forming a dis*^ 
tinct Peruvian ” sub-region ; but there is, as will be seen, ab^lutelj 
no line t^ be drawn between the MoUusca of Peru and those 
Ecuador ; nor would one, on geographical considerations, expect 
to be able to draw such a line. A better method of subdivision, 
so far as the species of the whole eastern portion of the region 
are concerned, would be to group the MoUusca according to the 
altitude at which they occur, were it not that the evidence on 
this point is at present but fragmentary. We know, however, 
that all along the line of the Andes certain species, more parti- 
cularly of Bulimulua, occupy their own zones of elevation, some 
ascending as high as 10,000 feet above the sea, and -never occur- 
ring on the plaina 

In the northern portions of this sub-region, Central American 
and West Indian influence is felt to a certain extent. Thus there 




Fig. 238. — A, Orthcdicus 
Deburghiae Reeve, 
IScuador; B, Bvliims 
( PachyotuB) egregiua 
Jay, Brazil. 


are eight Glandiim and one Streptostyla in Venezuela and Colombia 
together with one or two species of Cistula, ChondropoTna^ Pro- 
9erpi7ia^ and CyliTidrella, while a single Strophia (decidedly a 
straggler) occurs at Curasao. In Demerara and Cayenne there 
are three or four species of DenteMaria, In Ecuador, however, 
Glajidina diminishes to three species, and in Peru disappears 
alto^ther, although one /Streptostyla occurs. Similarly the West 
Indian operculates are reduced to one Chondropoma (Ecuador), 
and disappear entirely in Peru. 



35^ ECUADOR, PERU, AND BOLIVIA chap. 

The Helicidae are most abundant in the north and west, and 
are represented by several very striking sub-genera, some of which 
possess remarkably toothed apertures, and perhaj^s betray an 
ancestry common to some of the West Indian geneni. Of these, 
Lahyrinthua has 12 species in Venezuela and Colombia, 5 in 
Ecuador, and 3 in Peru and Bolivia; laoyneria 12 in Venezuela 
and Colombia, 20 in Ecuador, and 2 in Peru and Bolivia; 
Solaropsis is represented in these countries by 6, 3, and 7 si)ecie8, 
and Systrophia by 4, 5, and 8 species reHi)ectively. 

Clansilia — in the group Nenia — appears in some numlKjrs 
along the Andes chain, the only other representiitive in the New 
World being the solitary species occurring at Porto Eico. There 
have been described, from Venezuela and Colombia 10 species, 
from Ecuador 5, and from Peru and Bolivia 1 2. 

Another marked feature of the region is the occurrence of the 
Orthalicidae, in the two genera OTthalivus and Porphyrolmphe, 
The latter of these magniticent forms is jieculiar, wlule the 
former reaches Mexico, the West Indies, and Brazil. Ecuador, 
which contains 23 species, seems the metropolis of the 
group. 

Bulimus and BMmvlvs, the former genus lacing peculiar to 
S. America and the adjacent islands, are largely 
represented, the former in the three groui>8 
Bor us, Dryjytus, and Orphmts. These attain 
their maximum in Peru, with 25 si>ecie8, but 
Venezuela and Colombia have as many as 17. 
Bnlimulus has l)een subdivided into a numl>er 
of groups, e.g. Di^ymaens, Mesemhrinus, Thau-- 
rnastus, Mormus, Scntalus, with many others, 
— the exfict scientific limits of which are not 
easily disciernible. It must suffice here to 
state that Peru seems to be the head-quarters 
of the group with about 190 si)ecies (which 
)>ri)bably may well be reduml), Ecuador having 
about 70, and Venezuela and Colombia between 
80 and 90, 

Fro. 284 . — Rkod^ Two very remarkable forms belonging to the 
' Pupidf«», Auostovia (Fig. 1 54, }>, 248) and 7W?/- 
yeriiK, occur in Venezuela, tin*, metropolis. Ithodm, 
another very |»eculiar shell (Fig. 234), whose exact family position 
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is uncertain, is peculiar to New Grenada. The land opercuktes 
are few in number, and in Bolivia almost disappear. They 
belong principally to Neocyclotus (of which 11 species occur in 
Venezuela and Colombia) and Helicina (10 species in the same 
district), besides the stragglers already mentioned from West 
Indian sources, and a few Cyclophoms. Bourcieria is a form of 
Helicina peculiar to Ecuador. Ampullaria, with Ceratodes, a 
peculiar pknorbiform sub -genus, and Hemisinus, form the 
bulk of the firesh-water operculates. 

Tke Galapagos, — Thirty-four species of land Mollusca, all 
peculiar, are known from these isknds; 25 of these are forms 
of Bvlimulus, There are no Helicidae, one each of Hyalinia^ 
Leptinaria, and Helicina, and two Pupa, The Bulimulus are 
mostly of the group Nesiotis, and in their brown colour bear 
some outward resemblance to the dark Achatinclla of the Sand- 
wich Is., living as they do mostly under scoriae on the ground, 
and not on trees. In type, however, they appear to be derived 
from Chili and Peru, rather than from the parts of S. America 
immediately contiguous. Another section {Pleuropyrgm 2 sp.) 
closely resembles a marine Chemnitzia, The islands are all 
volcanic, and are probably not the result of subsidence ; thus the 
existing species are not to be regarded as the relics of a more 
widespread fauna, but as a new set of inhabitants. 

(4) The Brazilian Sub-region. — This immense district is very 
little known, except in the south, and it is consequently im- 
possible to give any satisfactory account of its Mollosca. It is 
possible that eventually it will be found that it falls into 
provinces which correspond more or less to (a) the Amazon basin ; 
(6) the mountainous district in the east, drained by the Tocantins 
and the San Francisco ; (c) the Parana basin in the south central 
district ; and (d) the Argentine or Pampas district in the extreme 
south. But at present the data are insuflicient to establish any 
such subdivisions, whose existence, if proved, would have an 
important bearing on the problem of the coalescence of S. 
America into its present form.^ 

The Agnatha are represented by Streptaxis alone (17 sp.). Hdix 
is rare, but includes the peculiar Polygyratia (Fig. 160, A,p. 246), 
while Lahyrinthus (2 sp.), Solaropsis (5 sp.), and Systrophia are 

^ Compare vou Martens, Maldk, Bldtt. 1868, p. 169 ; von Iheriug, Bachr, Dcutxh, 
MdlaJc, OeaelL 1891, p. 98. 
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common with the Colombian sub-region, and Oxychom (4 

with the Central American. BuHmts has 
in all 36 species, the sub-genera Piuhyotus 
(Fig. 288) and Strophochilm being peculiar. 
Bulimvitis, though not so abundant as in Peru 
and Ecuador, has about 60 species, of which 
Pio. 285. —Buiimuiua ^(ivicula (Fig, 236) is the most remarkable 
i^avicui^^^namcuia group. Mego^ira is peculiar. Orthalicus has 
only 4 species, while Tomigerus (4 sp.) and 
AnoBtoma (3 sp.) are common with Venezuela. Land opercu- 
lates are scarce, and appear to include only Neocyclotus, Cyclo^ 
phorm, and Helicina. 

In Argentina, which may probably rank as a separate pro- 
vince, the tropical forms greatly decrease, 

Streptaxis being reduced to 2 species, and 
Btdimus and BidimuluB together to 40, while 
OrthcdicuB, the great Helices, and the land 
operculates disappear altogether. Odonto- 
stomus (Fig, 236), a genus of the Pupidae, is 
.abundant in the northern part of the province. 

Two or three species of Chilina occur. 

(5) The Chilian Sub-region. — The greater 
part of Chili, from its arid and rainless climate, is 
unfavourable to the existence of land Mollusca. 
B%dimii8{Borus)Bti\l has 3 or 4 species, and Buli- 
mulus (Plectoatylvs 11, Scutcdus 9, Peronaeus 7) is fairly abundant, 
but the profusion of the tropics is wanting. There are no car- 
nivorous genera, and only two land operculates. A remarkable 
form of JSdix {Macrocyclis, Fig. 237) is quite peculiar, but the 
majority of the species belong to two rather obscure groups, 
Stepsanoda and Amphidoxa. Chilina, a singularly solid form of 
Limnam (of which 8 sp., with a sub-genus Psevdochilina, occur in 
Chili), is peculiar to Chili, S. Brazil, and l^atagonia. From the 
two islands of Juan Fernandez and Masafuera, are known several 
Helix, of Chilian affinity, several curious Svxcinea, a Homalonyx, 
Leptinaria, and Nothm, and three 8i)ecies of Tornatellina, with 
the almost universal Limojx gagaten. 

The question of the existence at some remote jx^riod of a 
Neantarctic continent, which formed a communication l)etweeu 
the three great Koiithern jx^ninsulas of tlie worlil, is one on 



Fju. 236. — Odonto- 
Htomus pantagni- 
elinw Moric., S. 
Brazil, x 


KI 


QUESTION OF A NEANTARCTIC CONTINENT 


359 


which the Mollusca may offer evidence* Von Iheriiig holds that 
HU essential difference can be observed between certain of the 
Unionidae which inhabit S. America, Africa, and Australia with 
New Zealand, and those which inhabit Euroj)e, Asia, and N. 
America, but the point can hardly be regarded as definitely 
establislied at present. Something perhaps may be made of the 
distribution of Bulimus and Bulimtdus, It seems difficult to 
explain the occurrence of sub-fossil Bulimus on St. Helena except 
on some such lines as have been recently adduced to account for 
the presence of struthious birds in the Mascarenes, and possibly 
the form Zivinhacea may be a trace of the same element in S. 
Africa. Again, the Liparus of S. and W. Australia, with the 
Caryodes of Tasmania, and the Leucotaenia and Clavator of 
Madagascar (which all may be related to BvliTnus), together with 
the Pldcostylus of New Caledonia and the adjacent islands. 




Fio. 237 . — MtufrocydiB 
laxaia F6r., Chili 


reaching even to New Zealand, and perhaps even the Amphidromus 
of Malaysia (which are more akin to Bulimulm), may be thought 
to exhibit, in some remote degree, traces of a common ancestry. 

The land operculates give no help, and, of the carnivorous 
genera, Rhytida is a marked link between Africa and Australia, 
while Streptcbxis is equally so between S. America and Africa. 
Afit regards fresh-water Gasteropoda, Ampullaria is common to S. 
America and Africa, while Isidora is common to Africa, Australia, 
and New Zealand, but is altogether absent from S. America. 
Gundlcuihia occurs in Florida, Trinidad, and Tasmania, but has 
not been detected in Africa. It must be concluded, therefore, 
that the present state of the evidence which the Mollusca can 
afford, while exhibiting certain curious points of relationship be- 
tween the three regions in question, is insufficient to warrant 
any decided conclusion. 



CHAPTER XII 


DISTBIBUTION OF MARINE MOLLU8CA — DEEP-SEA MOLLUSCA AND 
THEIR CHARACTERISTICS 

Marine Mollusca may be divided roughly into Pelagic and non- 
Pelagic genera. To the former division belong all Pteropoda and ' 
Heteropoda, and a large number of Cephalopoda, together with 
a very few specialised forms of Gasteropoda {lanthina, Litiopa, 
Pkyllirrhoe, etc.). Pelagic Mollusca appear, as a rule, to live at 
varying depths below the surfime during the day, and to rise to 
the top only at night. The majority inhabit warm or tropical 
seas, though some are exceedingly abundant in the Arctic 
regions; Clione and lA.tmci'm have been noticed as far north 
as 72V 

The vertical range of Pelagic Mollusca has received attention 
from Dr. Murray of the Challenger, Professor Agassiz of the Blake 
and Mbatross, and others Agassiz appears to have established 
the fact that the surface fauna of the sea is limited to a com- 
paratively narrow belt of depth, and that there is no inter- 
mediate belt of animal life between creatures which live on or 
near the bottom and the surface fauna. Pelagic forms sink, to 
avoid disturbances of various kinds, to depths not much exceed- 
ing 150 to 200 fathoms, except in closed seas like the Gulf of 
California and the Mediterranean, where the bathymetrical range 
appears to be much greater.^ 

Kon - Pelagic Mollusca are, from one point of view, con- 
veniently classified according to the different zones af depth at 

^ The diatribution of some Pteropoda has been worked out by Monthe, 
8ven$k. Ak, HandL XIL iv. 2, by Pelseneer Challenger'* Zool.| xxiii., and by 
BoaSy Spdia Atlantiea. 

* Bull. Mus. C. Z. Harv. xiv. p. 202 ; xitiii, p. 34 f. 
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which they occur. Thus we are enabled to distinguish Mollusca 
of (a) the littoral, (b) the laminarian, (c) the mdlipore or 
coralline, and (d) the abyssal zones. It must be borne in mind, 
however, that these zones cannot be exactly defined, and that 
while the littoral zone may be understood to imply the area 
between tide-marks, and the abyssal zone a depth of 500 
fathoms and upwards, the limits between the laminaiian and the 
coralline, and between the coralline and abyssal zones can only 
be fixed approximately. 

The difficulty of assigning special genera or species to special 
'zones of depth' is increased by two important facts in the 
phenomena of distribution. In the first place, it is found that 
species which occur in shallow water in northern seas often 
extend to very deep water in much lower latitudes. This in- 
teresting fact, which shows the importance of temperature in 
determining distribution, was first established by the dredgings 
of the Lightning and Porcupine off the western coasts of Europe. 
In the second place, a certain number of species seem equally at 
home in shallow and in abyssal waters, in cases where a great 
difference of latitude does not occur to equalise the temperatuie. 
Thus the Challenger foimd Venus mesodesrm living on the beach 
(New Zealand) and at 1000 fath. (Tristan da Cunha); Limi 
multicostata in ' shallow water ' (Tonga and Port Jackson) and 
at 1075 fath. (Berm Scalaria acus from 49 to 1254 fath. 
(N. Atlantic); and S, Jenica from 40 to 1260 fath. (Canaries). 
The Lightning and Porcupine found, or record as found,^ Anomyi 
ephippium at 0 to 1450 fath., Pecten groerUandicus at 5 to 1785 
fath,, Lima subauriculata atl0tol785 isLili,, Modiolaria discors 
at 0 to 1785 fath., Crenella decussata at 0 to 1750 fath., 
Dacrydium vitreum at 30 to 2750 feth., Area glacialis at 25 
to 1620 fath., Astarte compressa at 3 to 2000 fath., and Scro- 
bicularia longicallus at 20 to 2435 fath. Puneturella noachina 
ha§ been found at 20 to 1095 fath., Natica groefdandica at 2 to 
1290 filth., Bissoa tenuiscvlpta at 25 to 1095 fath. In many 
of these cases we are assured that no appreciable difference can 
be detected between specimens from the two extremes of 
depth. 

In spite, however, of these remarkable vagaries on the part 
of certain species, we are enabled roughly to distinguish a large 
^ See papers in P. Z* S, 1878-85. 
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number of genera as ‘shallow-water' and ‘deep-water' respec- 
tively, while a still larger number occupy an intermediate 
position. Among shallow- water genera may be named Patella, 
Littorina, Nassa, Purpura, Stromhue, Haliotis, Mytilue, Cardium, 
Salen; while among deep-water genera are Pleurotoma, Seism- 
rdla, Segvsnzia, Dentalium, Cadvlus, Lirnopsis, Nucvla, Leda, 
Lima, and Axinus. 

Theories on the geographical distribution of marine Mollusca 
have been revolutionised by the discoveries of recent exploring 
expeditions. The principal have been those of Torell (Swedish) 
(1869-61) on the coasts of Greenland and Spitzbergen; of the 
Lightning and Porcupine (British) in 1868-70, in the N.R 
Atlantic, off the Scotch, Irish, French, and Portuguese coasts, 
and in the Mediterranean; of the Challenger (British), under 
Sir 0. Wyville Thomson, in 1873-76, in which all the great 
ocean basins were dredged or sounded ; of the Blake (American), 
under Alexander Agassiz, in 1877-80, in the West Atlantic, 
Gulf of Mexico, and Caribbean Sea ; of the Travailleur (French) 
in 1880-83, off the west coasts of France, Portugal, and Morocco, 
Madeira, the Canaries, and the Golfe du Lion ; of the Talisman 
(French) in 1882, off the west coast of Africa from Tangier to 
Senegal, the Atlantic Islands, and the Sargasso Sea; of the 
Albatross (American) in 1891, off the west coast of tropical 
America; of several other vessels belonging to the U.S. Fish 
Commission and Coast Survey, off east American shores; and 
of the Prince of Monaco in the Hirondelle and Princesse 
Alice at the present time, in the N. Atlantic and Medi- 
terranean. 

The general result of these explorations has been to show 
that the marine fauna of very deep water is much the same all 
the world over, and that identical species occur at points as far 
removed as possible from one another. The ocean floor, in fact, 
with its uniform similarity of temperature, food, station, and 
general conditions of life, contains no effectual barrier to the 
almost indefinite spread of species.^ To give a few instances. 
The Challenger digged SUenia Sarsii in 1950 fath., 1100 

^ A break in this uniformity may be found underneath the oourae of a great 
oceanic current like the Gulf Stream, which rains upon the bottom a large amount 
of food. A. Agassiz {Bull. Mtut. C. Z. Hwrv, zxi p. 185 f.) explains in this way the 
richness of the fauna of the Gulf of Mexico as compared with thht of the west coast 
of tropical America. 




m WIDE DISTRIBUTION OF DEEP WATER FORMS 363 


miles south-west of Australia, and also in 2650 fath. off the moutli 
of the Bio de la Plata; Semde profundonm in 1125 feth. 
near the Canaries, and in 2900 fath. mid N. Pacific; Verti- 
cordia deshayesiana in 155 fath. near Cape York, and in 350 
fath. off Pernambuco; Area pteroessa in 2050 fath. mid N. 
Pacific, in 1000-1675 fath. west of the Azores, and in 390 fath. 
off the West Indies; Area corptderUa in 1400 fath. off N.E. 
Australia, in 2425 fath. mid-Paciiic, and in 1375 fath. near 
Juan Fernandez; Lima goliath in 776 fath. off S. Japan, and 
in 246 fath. off S. Patagonia; Flewrotoma engonia in 700 fath. 
north-east of New Zealand, and in 345 fath. off Inoshima. A 
surprising range was occasionally found even in shallow-water 
species; thus Petricola lapicida was discovered by the same 
expedition in the West Indies and N. Australia, Cardita ccdycu- 
lata off Teneriffe and in Bass Strait, Area imlricata off Cape 
York and in the West Indies, Modiolaria cuneata at Port Jack- 
son and Cape of Good Hope, Lima squamosa at Teneriffe and the 
Philippines. In these latter cases it is not improbable that the 
species lives in deep water as well, from which it has not yet 
been dredged. 

It follows from these considerations that any attempt to 
classify marine MoUusca under Begions and Provinces can only 
apply to Mollusca which occur at moderate deptha The most 
important factor in the environment, as determining distribution, 
is the temperatwe of the water, which is probably to be regarded 
as affecting not so much the adult Mollusca as their ova ; for 
the adult might possibly support life under conditions in which 
the ova would perish. It appears that a sudden change of tem- 
peratxire is the most effective barrier to distribution,^ and may 
bring the range of a species to an almost instantaneous stop, 
while a very gradual change will allow it to extend its range 
very widely. 

^ On the western coasts of Europe and America, where the change in surface 
temperature is very gradual, Purpura lapillua (the west American * species’ are 
at only deriTatives) is able to creep as far south as lai 82** (Mogador) in the 
former case, and lat, 24’* (Margarita Bay) in the latter, the mean annual temperao 
ture of the surface water being 66** off Mogador, with an extreme range of only S’, 
and that of Margarita Bay 73”, with an extreme range of only 5”. On the eastern 
coasts, where the Pacific and Atlantic gulf-streams cause a sudden change of tem- 
perature, the Purpura is barred back at points many degrees farther north, viz. at 
lat. 41*’ (Hakodadi), surface temperature 52”, extreme range 25” ; and at lat. 42” 
(Newhaven), surface temperature 52”, extreme range 80” 
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It has be^ usual to classify marine Molluscs fi-om moderate 
depths under the following regions and sub-i-egions : — 


Regions. Sub-regions. 


A. Atlantic aitd 
Oirciimpolar 

B. Indo-Pacifle 


'I. Arctic. 

2. Boreal. 

3. Celtic. 

4. Lusitanian. 

5. West African. 
^6. South African. 

/I. Indo-Pacific. 
\2. Japanese. 


Regions. Sub-Tegiona. 


0. Anatralian 


D. American < 


1. Australian. 

2. Neozealaniau. 

1. Aleutian. 

2. Californian. 

3. Panamic. 

4. Peruvian. 

5. Magellanic. 

6. Argentinian. 

7. Caribbean. 

8. Transatlantic. 


A. The Atlantic Region 

includes the whole of the eastern shores of the Atlantic, from 
the extreme north to the Cape of Good Hope, together with the 
circumpolar seas, which may be regarded as roughly bounded 
by the Aleutian Islands and the coasts of Newfoundland. 

(1) The Arctic Sub-region includes the circumpolar seas, and 
is bounded in the N. Pacific by a line drawn between Cape 
Avinoff in Alaska, and Cape Lopatka in Eamschatka, so as to ex- 
clude the Aleutian Islands. On the western shores of the Atlantic 
the cold Labrador current brings it as far south as the coast of 
Newfoundland, but on the eastern shores the influence of the 
Gulf Stream has the contrary effect, so that the North Cape may 
be taken as its southern limit. 

The principal genera (many species of which are common to 
the whole sub-region) are Volutomitra, Buccinum, B%Lccinop8i8, 
Neptunea, TrophoUy Bela, Admete, Velutina, Trichotropis, Lacuna, 
Margarita, Philine, Pecten, Leda, Yoldia, Astarte, and Mya, The 
shells are generally unicoloured, and of a dead white or rather 
sombre tint. 

(2) The Boreal Sub-region may be subdivided into two 
provinces — the European and the American. The former includes 
the entire coast-line of Norway, the Faroe Islands, and Iceland 
(except perhaps the northern coast), and possibly the Shetland 
Islands; the latter the American coasts from the Gulf of St. 
Lawrence to Cape Cod (lat. 42^). Thus the Boreal American 
province does not extend nearly so far south as the Boreal 
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Eurc^pean, the reason being that on the American coasts the cold 
Labrador current, which hugs the land, bars back the advance of 
southern genera, but allows boreal genera to spread southwards, 
while on the European side the warmer conditions produced by 
the Gulf Stream keep the boreal species back, and allow more 
southern forms to spread northwards. 

Many of the Boreal species occur on both sides of the Atlantic, 
and thus support the theory of a more continuous fringe of con- 
tinental land once existing along the north of the Atlantic. 
Among the prominent genera, besides several of those mentioned 
under the Arctic Sub-region, are Purptura, Cherwpus, Littorina^ 
Gibhda, Natica, Patella, Tectura, Chiton, Doris, Aeolis, Tdlina, 
Thracia, 

(3) The Celtic Sttb-region includes the British Islands (except- 
ing perhaps the Shetland Islands), the coasts of the North Sea 
and the Baltic, with N. France to Cape Ushant The absence 
of any cold or warm current exerting direct influence upon the 
coast-line of this sub-region causes a very gradual change in the 
conditions of life as we move either southward or northward. 
Tlie faima of the British seas contains a decided mixture of 
northern and southern forma. The following are ^ong the 
common Boreal species which attain their southward range on 
our coasts: Tectwra testvdiThCilis Mtill. (to Dublin Bay and 
Scarborough), Trichotropis iorecdis Brod. (to the Dogger Bank), 
Margarita helicina Fabr. (to Yorkshire and Dublin Bay), M, 
groenlandica Chem. (western Scotland), Natica montacuti Forb. 
(to Cornwall), Trophon truncatus Str. (to Tenby), Chiton mar- 
moreus Fabr. (to Dublin Bay and Scarborough). Buccinum 
undatum and Littorina littorea become very scarce on our extreme 
south-western coasta Among Lusitanian species which reach our 
coasts are Oihhula magus L. (to Orkney and Shetland Islands), 
Phasianella pullus L. (to Caithness), Golems chinsnsis L, (to 
Milford Haven), Galeomma Turtoni Turt. (to Weymouth), Car* 
dium acvleatum L (to Isle of Man), Solen vagina L (to north 
Ireland). 

It appears from the Mollusca of our Crag formations that at 
the time of their deposition the temperature of our seas must 
have been considerably warmer than it is now. Thus in the 
Crag we find many species and even genera (e.g. Mitra, Fossarus, 
Triton, Fermetus, JSingicula, Chama) which now occur no farther 
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north than the southern coasts of the Channel, the west of 
France, and the Mediterranean. 

The B^dtic, a sea specially liable to violent changes of tem- 
perature, with a large admixture of fresh water at its eastern 
end, appears to possess only about 65 species in all. More than 
60 genera occurring on the western coasts of Denmark do not 
enter the Sound. In the eastern portion of the Baltic marine 
and fresh-water species live together (p. 12). 

(4) ITie Lusitanian Suh^region extends from Cape Ushant 
in the north to Cape Juby (lat. 28°) in the south, and includes 
the whole of the Mediterranean, as well as the Azores, Canaries, 
and Madeira groups. 

The English Channel acts as an effectual barrier to the 
northward extension of many species; as many as 81 species 
which occur in western France do not reach British coasts 
(P. Fischer). At the same time, the western coasts of France 
are rather intermediate between the' two sub-regions than 
distinctly Lusitanian, for between 50 and 60 Mediterranean 
genera do not occur on those coasts. 

The Mediterranean itself is exceedingly rich in species, about 
1200 in all (including deep-water species) being known. A 
certain number of these belong to tropical genera which here 
find their northern limit, e.g, Fasciolaria, Cancellaria, Sigaretus, 
Siliquaria, Chamay Spondylus, Here too occur Carinaria, 
Loliger, Oxy7io€y Pedicvlariay Cyprdta, Margiriella, Mitra, Polium, 
Cassis, CassidariUy Pisania, Euthria, Vermetus, Argonauta, and 
many others. A few Celtic and even Boreal species, which occur 
on the western coasts of Morocco, do not enter the Mediterranean. 
Among these are Purpura lapillus, Helcion pdluoidvm, and 
Tdlxna lalthica, Halia, a rare West African genus akin to 
Plewrotoma, is found in Cadiz Bay, and the West African Cym- 
hium occurs on the Spanish coasts as far as Malaga. 

The Black Sea, whose northern and western coasts are 
exceedingly cold, is comparatively poor in species. The Sea of 
Azof is chiefly characterised by forms of Cardium, 

(5) The West African Sub-region extends from Cape Juby to 
a point probably not very far south of lat 30 S., the cold cur- 
rent which sweeps up from the Pole probably limiting the south- 
ward extension of tropical species on this side of Africa, while 
the warm Mozambique current on the eastern side permits the 
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spread of many Indo-Pacific species almost as far south as the Capa 
Owing to its extreme unhealthiness, and the absence of harbours, 
the sub-region is very little known. 

The principal genera are CymUmn,, Heurotoma, Marginella, 
Terelra, Miira, Agaronia, Murex, Caricellaria, Purpura^ Pseudo 
oliva, Natiea, Tellina, Lncina, TtLgonia, Schizodeama, and Area, 
Studer has enumerated as many as 55 species common to West 
Africa and the opposite American shorea The north and south 
equatorial currents, which circulate in this part of the Atlantic, 
probably transport the larvae from one coast to the other. Pw- 
pura coroTiaia Lam., a characteristic West African species, is 
represented by a well-marked variety in Demerara. 

The Mollusca of St. Helena (178 known species) most 
ramble those of the West Indies, 50 per cent being common, 
while 30 per cent are common to the Mediterranean. From 
Ascension Island only 33 species are known, which in their 
general relations resemble those of St. Helena.^ 

(6) The South African Sub-region extends along the coast 
from about lat. 30" on the west, to about East London on the 
east. Mr. G. B. Sowerby enumerates 740 species from ‘ South 
Africa,' but includes in this list Natal species, which more properly 
belong to the Indo-Pacific fauna. Of these 740, 323 are 
peculiar, while 67 also occur in European seas, some being 
familiar on our own shores. It is I'emarkable to find in a sub- 
region separated from ourselves by the whole width of the tropics, 
such well-known forms as Mangilia costata Don., M. aeptangvlaris 
Mont., Cylichna cylindrexea Penn., Pholaa dojctylus L., Solan 
maa'ginatus Pult., Cultdlus pellvjcidua Penn., Ceratisolen legumen 
L., Lutraria oblonga Chem., Tdlina fabula GmeL, T, tenuis Da C., 
Modiolaria diacora L, and many others. 

The leading genera are Euthria, Triton, Cominella, Bullia, 
Nasaa, Cypraeovvla, Oxystele, Fiasurella, Fiasurellidaea, Patella, 
and Chiton, 

The Mollusca of Kerguelen Island and the Marion and 
Crozets groups show relationship partly with South America, 
partly with the Cape, and partly with South Australia and New 
Zealand, thus showing some trace of a circumpolar antarctic fauna 
corresponding to, but not nearly so well maiked as that of the 
circumpolar arctic sub-region. Among the lemarkahle foims 
1 E. A Smitli. P. Z, S, 1890, pp. 247, 3X7. 
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diacovered off Kerguelen are Neobticcinum and a aub^genuB of 
StrviMolwna {Perissodonta). 

B. The Indo-Padflc Region 

includes the whole of the coast-line of the Indian and western 
Pacific oceans, from about East London in South Africa to the 
north of Niphon (lat. 42'*) in Japan, with the Bed Sea and 
Persian Gulf, the whole of the Indo-Malay Archipelago, Polynesia 
to the Sandwich Islands in the north-east, and Easter Island in 
the south-east, and Australia to Swan Biver in the west, and to 
Sandy Cape and Lord Howe’s Island in the east. It is especially 
the region of coral reefs, which furnish so favourite a home of the 
Mollusca, and which are entirely absent from the Atlantic 
Begion. 

(1) The Indo-Paeijic Sub-region proper (which includes the 
whole of this region except that part defined below as the 
Japanese Sub-region) is by far the richest in the world. The 
marine Mollusca of the Philippines alone (in some respects the 
nucleus of the whole region) have been estimated at between 
5000 and 6000 species, and Jousseaume estimates Bed Sea 
species at about 1000. Some prominent genera are very rich in 
species. Garrett enumerates from Polynesia 81 species of Conus, 
60 of which occur on the Viti Is., 21 on the Sandwich la, and 
only 14 on the Marquesas, where coral reefs are almost absent ; 
82 species of Cypraea, Viti Is. 44, Sandwich la 31, Marquesas 
only 13; 167 species of Mitra (besides 29 recorded by others), 
Viti la 120, Sandwich la 36, Marquesas 7. Of 60 existing 
species of Strombus, 39 occur in this region, and 10 out of 11 
Eburnou 

The following important genera are quite peculiar to the 
region: Nautilus, several forms of Purpuridae, e.g. Rapana, 
Magiius, Rapa, Melapium, and Rieinvla ; Tudicla, several forms 
of Strombidae, e.g. Rostellaria, Terebellum, Pteroceras, and Rimella ; 
Cithara, Melo, Neritopsis, Stomatia^ Malleus, Vulsella, Cucvllaea, 
Trida/ona, Hippopus, Libitina, Olaucomya, Anatina, Aspergillum, 
and many others. 

The number of species common to the Bed Sea and 
Mediterranean is exceedingly small, some authorities even deny- 
ing the existence of a single common species. The present 
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author, frcau an exammation of the shells dredged hy Mac- 
Andrew iit Suez, regarded 17 species as conuiion, and Mr, H A. 
Smith has confirmed this view with regard to 8 of the species in 
question,^ The Molluscs occurring in Post-pliocene beds at Suez 
show that Mediterranean species lived there in comparatively 
recent geological times. 

The opening of the Suez Canal appears to have already 
induced several species to start on their travels from the Mediter- 
ranean to the Bed Sea and vice versd. Two Bed Sea species 
(Mactra olorina Phil, Mytilus variabilis Br.) had in 1882 estab- 
lished themselves at Port Said, while two Mediterranean species 
(Pholas daciylus L, Solen vagina L.) had reached Ismailia.^ 

(2) The Japanm Sub-region consists of the Japanese Islands to 
Niphon, together with Corea and a stretch of adjacent mainland 
coast of unknown extent. The warm Kuro Siwo current, sweep- 
ing up between Luzon and Formosa, permits tropical species to 
extend much farther north than on the opposite shores of America, 
where a cold polar current keeps them back. A certain number 
of species, however, are common to the two shores of the Pacific, 
and a few circumpolar species occurring on our own coasts reach 
Japan, e.g. Trojphon clathratus, Punoturella noachina, My a arenaria, 
Modiola modiolus, Lasaea ruhra, and Nmvla tenuis. 

Among the characteristic genera are Fums, Siphonalia, Colum- 
barium, Hemifusm, Bapana, Ghlorostoma, Pleurotomaria, Haiiotis, 
and Cyclina, 


G. The Australian Region 

includes the Australian coast-line from about Swan R’ (lat. 
32° S.) to Sandy Cape (lat. 25® S.), Tasmania, New Zealand, and 
the adjacent islands (except Lord Howe's L). 

(1) The Australian Suh-region proper (which consists of the 

’ A. H. Cooke, Ann, Mag, Nat, Uisi. (6) xviU (1886) p. 880 f ; £. A. Smith, 
P, Z, S, 1891, p. 891 f. 

‘ C. Keller, Neus DenJcsch, Schw, Qmll, zxTiii. 1888, pt. 3. 

* According to Tate {Trana, Roy, Soc, S, Avoir, 1887-88, p. 70), * Australian' 
apecies predominate at Freemantle (32”), butTenison-Woode («7. Roy, Soc, N, S, IVaka, 
xxil p. 106) holda that the tropical fauna extends as far south as Cape Leemvin (34*'), 
and that tlie Australian forms are not predominant until the extreme south. 
Tenison-Woods regards Cape Byitm (31”) as the limit of the tropical fauna on the 
east coast, while some oharaoteristic tropical genera reach Port Jackson, and a few 
Oyprcm (ttmultfs) Tasmania. 
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whole of tiie regiou excepting New Zealand and the a^^laceiit 
islands) is determined by the influence of the Antarctic Drift, 
which washes the whole of the southern coasts of Australia, and 
runs strongly northward between Australia and New Zealand. 
The £. Attetralian warm current from the north is checked at 
Sandy Cape by this cold current, and flows off to New Zealand, 
the western shores of which island are consequently much warmer 
than the eastern. On the western coast of Australia the 
Antarctic Drift has less force, and tropical genera accordingly 
range some 7 degrees farther south on the western than on the 
eastern coasts. 

The characteristic genera are Valuta (of which half the known 
species occur on Australian coasts^), Comiuella, Siphonalia, 
Struthiolaria, Riulluy Phadaudlay a number of genera jselonging 
to the Trochidae, e.g. Liotia, Clamulu&y EuchdvSy Thalotiay 
MenchuSy Trochocochleay ZizyphinuSy Bankivia; Trigoniay Myoidra, 
Myochamay Solenomyay Ephippodontay Anapay Mylittay Mesodesmay 
and ChamostTea, Trigoniay originally discovered as a recent 
form in Sydney Harbour (p. 65), is not peculiar to that locality, 
occurring also off Cape York, West Australia, and Tasmania. 

(2) The Neozealanian Sub-region includes New Zealand, with 
the outlying islands (Chatham, Auckland, and Campbell Is.). 

As many as 455 species (Cephalopoda, 8 ; Gasteropoda, 311 ; 
Scaphopoda, 2 ; Pelecypoda, 134) have been enumerated by Professor 
F. W. Hutton as occurring within the sub-region, of which only 
64 are found elsewhere, the proportion of peculiar species being 
thus nearly 86 per cent. New Zealand therefore is, in its marine, 
no less than its land Mollusca, greatly isolated. 

The characteristic genera are Anthoray CryptoconehuSy and 
Vanganella, which appear* to be quite peculiar, Trophon, Comindlay 
Euthria, most of the Trochidae also characteristic of S. Australia, 
HaliotiSy Patella ; Tariay Mesodesmay Mylittay Zeruxtiay Standellay 
and Myodora, 

D. The American Regicm 

iucludes the entire coasts of North and South America with the 
adjacent islands, south of Cape Avinoff on the western, and south 

^ A fnll account of the distribution of Vohita is given by Grosso, Jaum, de Con^pt, 
<S)jdx. p. 203. 



xn ALEUTIAN, CALIFOHNIAN. PAKAMIC SUB-REGIONS 37 1 

of Cape Cod m the eastern coasts the portions north of tihese 
points belonging to the Arctic Sub-region. 

(1) The Aleutian Sub-region consists of the islands of Yesso and 
Ssghalien, with the adjacent shores of the Sea of Okhotsk to Cape 
liOpatka, the Aleutian I&, and the west American coast from about 
Cape Avinoff (lat. 60*’ K.) to St. Jean de Fuca Straita 

A certain number of species, probably of arctic origin, are 
common with British and also with East American shores, the 
former being the more numerous. Species as familiar to us as 
iMuna divaricaia Fabr., Trichotropia borealis BrodL, Pholas 
crispata L., Mya truncata L., M. arenaria lu, Mytilua edulia L., 
ai|d Modiolaria nigra Gray, occur. The more characteristic 
genera are ChryaodomuSt Volutharpa, Buceinum, Tectu/ra, Seurria, 
Chiton, Cryptochiton (jOr. Stelleri Midd. is by far the largest 
known t>f the Chitonidae, 6 inches long), Tellina, and JPecten. 

' (2) The Californian Sub-region extends from St. Jean de Fuca 
Straits (lat. 48® K) to Gape St. Lucas, the Gulf of California 
belonging to the Panamic sub-region. The northern polar current, 
which washes the shores of this sub-region throughout their whole 
extent, prolongs the southward range of the more northern genera, 
and keeps back those more markedly tropical, the latter, however, 
creeping northward in the warmer waters of the Gulf of California. 
Some authorities subdivide this immense stretch of coast-line, as 
characterised by sub - temperate, temperate, and sub -tropical 
genera, into the Oregonian, Californian, and Lower Californian 
provincea 

The characteristic genera are — in the north, Axgobuccinum, 
Zizyphinua, Chlorostoma, Tectura, Scurria, Chiton {Katharina, 
Mbpalia, Tonioia), Cryptochiton, Placunanomia, and Mytilimeria ; 
in the centre. Purpura, Monoceroa, Amphiaaa, Nbrrisia, Platyodon, 
Tapes, and Mdcoma; and, towards the south, Olivella, Chorus, 
Macron, Pseudoliva, Trivia, and Haliotia, 

(3) The Panamic Sub-region extends from the head of the 
Gulf of California to Payta in Peru (lat. 6® S.), It is exceed- 
ingly rich in species, about 1600 having been described. The 
Mollusca are entirely distinct from those of the Indo-Pacific 
Begion, which, although extending from Natal to the Sandwich 
Islands, are unable to pass the enormous extent of sea which 
separates the nearest Polynesian island from the American coast. 

On the two sides of the isthmus of Panama there occur certain 
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pairs of species, which, while specifically distant, are evidently 
closely related to one anothei*. Amongst these are, on the 
Panamic side, Purpwta epecioBa, Cypram cermnetidf OoMis ah- 
hreviata, Natica ChemnUzii, and StromJms gracUwr, correspond* 
ing to Pwpma ddtoidea, Cypram exanthsmat Casm inflata, 
NcUica maToccaim, and Stromhus pugilis, on the Caribbean. It is 
reasonable to conclude that these analogous spedea” are 
descendants of a stock which was common to both seas when the 
isthmus was open (probably not later than Miocene times), and 
which have, since the closing of the isthmus, become modified, 
some species considerably more than others. 

Among the characteristic genera (compare p. 3) are ComHf 
Pleurotomat Terebra, Mwrex, Purpura, Oliva, Northia, Cantharus, 
Columhella, Anachis, Cypraea, Stromhus, Cerithivm, Caecum, 
Crepidvia, Crucihdum, Vitrindla; Tellina, Semde, TMidora; 
and Area, 

(4) The Pervman Sub-region extends from Payta in Peru to 
about the latitude of Conception in S. Chili (37® S.), being 
checked from further extension southward by the cold Humboldt 
current, whose force is distinctly felt as far north as Callao. This 
cold current thus produces the same results as the similar current 
which impinges on S. Africa, but has even more effect in decisively 
separating the fauna on the two sides of the great peninsula, 
scarcely a single species being common to the western and eastern 
coasts of S. America. The characteristics of the coast-lines them- 
selves contribute to this result. The Chilian coast is rocky, and 
descends abruptly to a great depth, while that of Patagonia and 
Argentina is sandy and very shallow to a great distance from 
land. 

The characteristic genera are Canedlaria, Columhella, Momceros, 
ConcholepoB,^ Trochita, Fissv/rdla, Chiton; Ceronia, Malletia, and 
Cumingia, Some of the Californian genera, absent or poorly 
represented in the Panamic Sub-region, reappear in Chili, e.g. 
Sewnria, Tectwra, and Chlorostoma, 

(5) The Magellanic Svh-region includes the coast-line and 
adjacent islands (with the Falklands) from Conception in 
S. Chili to about Port Melo in Eastern Patagonia (lat. 45® S.). 

The principal genera (many of which find a habitat on the 
gigantic Macrocystis which grows on every rock at low water) are 
Euthria, Valuta (6 species, one, V. magdlanica, the largest known), 



XII ARGENTINIAN AND CARIBBEAN SUB-REGIONS 373 


ifmweros, Photimiia, Pattlla, Chiton ; Modxolairea, MeMeiia, and 
Mviiniia. Several genera, charaoteriatic of the Boreal and Arctio 
sub-regions, recur, eg. Tropkon, Admete, Margarita, Puneturella, 
Cgamium, and Attarte. 

(6) Th* Argentinian ^ Sub-region extends from about Cape 
Melo in Patc^onia to the neighbourhood of S. Caterina I, in 
South Brazil (lat. 28° S.). The sub-region stands in the same 
relation to the Magellanic, on the east coast, as the Peruvian sub- 
region on the west, but, owing to the influence of the wmm 
Brazil current, which overpowers the colder water of the Falkland 
branch of the Cape Horn current, it reaches a point much farther 
south. 

The MoUusca are not well known. The prevailing genera 
appear to be Oliva, Olivancillaria, Valuta, Sullia, Crepidnda; 
Periploma, and Lyonaia. 

(7) Caribbean Subregion extends from S. Caterina 1. in 
the south to Florida in the north, and includes the shores of the 
Gulf of Mexico and the whole of the West Indiea The inflnmice 
of the warm Brazil current (a branch of the South Equatorial) 
carries the range of the purely tropical q>ecies to a point much 
farther south than is reached by the tropical species on the west 
coast. 

The sub-region is very rich in species, especially on the coral 
reefs of the Obamas and H. Cuba, but the exceedingly small 
tide-fall makes shore collecting somewhat difficult beyonda certain 
point. The leading genera are Murex, Purpura, Melongetta, 
Latirue, Margindla, StroTubus, Triton, Ctrithvwm,, Littorina, 
Merita, Secdaria ; Tellina, StrigUla, LuHna, and Venus. Fleuro- 
tomaria, a genus long r^arded as extinct, has been dredged alive 
off Tobago. ^ 

As compared with the tropical fauna of the Old World, that 
of the New World is poor in peculiar genera (compue p. 368). 
The relations of this sub-region to the West African and the 
Panamic have been already dealt with (pp. 367 and 372). 

(8) The TransoMaiUie Bub-region extends from Florida to Cape 
Cod (see p. 364). In the north the limits of the sub-region are 
distinoHy marked, in the south Caribbean species intemingle. 


^ UBiially known aa * Fatagoiiian,* bat since the Magellanic Snb-region includes 
a considerable part of Patagonia, and since the greater part of sub-region ( 6 ) lies out 
of Patagonia, it lias been tliought advisable to change the name. 
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Gould and their Inwrtehrata of M(machimUOi enum^te 

275 species (Cephalopoda, 6 ; Gasteroj^a, 159 ; Scaphopoda, 2 ; 
Pelecypoda, 108), of which 59 (Gasteropoda, 87; Pelecypoda, 
22) are British. 

Among the characteristic genera are Uromlpim, Euplmta, 
j?vlguT, PiycikatTact%i>8, Nassa, Ctepidula; SolenomyOf, Mw^a^ 
Cyprieiu, BaSta, Miarte, and Toldia. Our common Littorina 
liitorta appears to have been introduced into Nova Scotian 
waters in about 1867, no previous trace of it occurring either in 
Uterature or shell-heaps. Since then it has spread ^pidly into 
the Gulf of St. Lawrence, and also as far south as Newhaven, and 
is said to be driving out the indigenous X. palliMa from New 
England shores.^ The debt has been repaid by the introduction 
into British waters of the American clam ( Venus mercenaria L.), 
which, according to the Manchester City News of 23rd March 
1889, was first observed in the Humber in 1864, and has 
steadily increased up to the present time, when it bids fair to 
compete, in those waters, with the familiar Gardium edule. 

Characteristics of Abyssal Mollusca. — ^Large shells appear 
to be rare in the great ocean depths, and are usually very fragile ; 
even moderately -sized specimens are far from common. The 
only group in which species occur larger than the usual size is 
the Nudibranchs, which are represented by at least one form 
larger than an orange. 

It would seem that abyssal molluscs axe much less active and 
energetic than their brethren on the shores. This view is 
favoured by the looseness of their tissues, which seem ill adapted 
for prompt and vigorous action. The tenacious character of the 
mud on the ocean floor must make rapid motion very difficult. 
The shell itself is usually fragile and delicate, the upper layers 
of arragonite being thin as compared with shallow-water species, 
which makes the nacreous layer, when present, appear unusually 
conspicuous; in many cases the surface is characterised by a 
peculiar iridescence or sheen. The colour in the shell of deep-sea 
Mollusca is never very pronounced, and is often absent altogether, 
light pink and salmon, pale yellow and brown, are not uncommon. 
If the colour is in pattern, it is usually in the form of necklaces 
of spots, which sometimes coalesce into banda With regard tq 
sculpture, stout knobs and powerfully buttressed varices, such as 
‘ Amer. Nat, xx. p. 081. 




CHARACTERISTICS OF ABYSSAL MOLL 0 SCA 375 


X!I 

ocotir in the tropical Mwrex and Purpura, are not found in d^p- 
flea species. But the ornamentation is frequently elaborate^ and 
the sculpture rich and varied. There is an especial tendency 
towards strings of bead-like knobs, revolving striae, and delicate 
transverse waives, the sculpture being in many cases of a 
character which tends to strexi^hen the structure of the shell, 
like the ridges in corrugated iron. 

A remarkable feature in some deep-sea Mollusca is their 
singular resemblance, in shape, and particularly in the possession 
of a strong green periostracum, to some of om common fresh- water 
species According to Dr. Dali, the cause of this phenomenon 
is the same in both cases The fresh-water Mollusca secrete a 
strong periostracum, in order to protect the shell against the 
corrosive influence of the carbonic acid gas with which the water 
is surcharged. The shells of deep-sea Mollusca, living, as they 
do in water probably undisturbed by currents of any kind, have 
to protect themselves against the same eroding influence, and do 
so in the same way.^ 

Mollusca which live exclusively on algae and other forms of 
plant life are almost entirely wanting in the great depths, where 
vegetation is probably unlmown. The struggle for existence 
must be much less keen than in the thickly populated shallows, 
where vicissitudes of every kind occur. The absence of rapid 
motion of water must obliterate many of those mechanical effects 
which tend to produce modifying influences upon the animals 
affected. In the absence of circumstances tending to cause varia- 
tion, in the unbroken monotony of their surroundings, species 
must, one would think, preserve a marked uniformity over an 
exceedingly wide area of range. 

Vegetable fodd being wanting, those genera which in shal- 
lower waters never taste flesh, are compelled to become carnivor- 
ous. Characteristic of the great depths are very remarkable forms 
of Trochidae, in whose stomachs have been found the remains 
of Corallines and Foraminifera. According to Dr. Dali, the 
results of this diet show themselves in the greatly increased space 
occupied by the intestine, in the diminution, as regards size, of 
the masticatory organs, the teeth and jaws, and also in the pro- 
longation of the anal end of the intestine into a free tube, which 
carries away the excreta in such a way that they do not foul the 
* W. H. Dali, TVoc. Biol, Soc. JV’ashin^on, v. p. 1 f. 
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water taken into the gills. The amount of nutriment contained 
in the bodies of dead Foraminifera is so small that a compara- 
tively large quantity must be swallowed to keep tlie vital 
energies active, and therefore the amount evacuated must be pro- 
portionately larger also. The abyssal Trochidae, then, and many 
other genera, sustain themselves by feeding on the ' rain ' of dead 
animal matter which falls upon the ocean floor, not so much 
hunting their prey as opening their mouths and eating what- 
ever happens to fall into them. Grenera which are normally 
carnivorous would appear to do the same. The Pleurotomidae, 
for instance, are a family markedly characteristic of very deep 
water. Eepresentatives of the genus which occur in sh^ower 
water are known to secure their prey while in the living state. 
But, according to Dr. DaU, a singularly small proportion of deep- 
sea Mollusca, as compared with those from the littoral region, 
show signs of having been drilled or attacked by other Mollusca. 
This could hardly be the case if the Pleurotomidae retained their 
predatory habits, since they are more numerous in the great 
depths than any six other families taken together. It has 
already been mentioned (p. 186) that a laige proportion of deep- 
sea Mollusca are perfectly blind. 

Amongst other remarkable forms from the great depths may 
be mentioned Pleurotomaria, with its singular anal slit (Fig. 269, 
p. 407]) extending in some cases half-way round the last whorl. 
Three or four species of this genus, so characteristic of almost all 
fossiliferous strata down to the Cambrian, have been obtained in 
very limited numbers off the West Indies and Japan. Dentaliidae, 
especially the sub-genus CadvluB, find a congenial home in the 
slimy ocean mud. One of the greatest molluscan treasures procured 
by the ChidUnger was Ouivillea alabastrina Wats., a magnificent 
Volute as white as alabaster, 6^ inches long, which was dredged 
from 1600 fath. in the South Atlantic, between Marion Island 
and the Crozets. Another very curious form, belonging to the 
same family, is Provocator pvlcher Wata, a shell about half the 
size of ChiivUlea, of stouter proportions, and with an angulated 
and patulous mouth. This shell was dredged by the Challenger 
in comparatively shallow water (105-150 fath.) off Kerguelen 
Island. Among the Trochidae are the fine new genera Basiliem, 
Bemhix, and Oaza, The exploring voyages of the American sur- 
veying steamer Blake, in the Gulf of Mexico and the Caribbean 
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Sea, have given us the remarkable new forms BenthoHa (posrabty 
akin to Admete), Memhytis (a snb-genus of Faemlaria hitherto 
only known from the Cretaceous of North America), and Bentho- 
ddivm {pomh\j=Ooeorya), a genus akin to Cams. 

In his report on the Pelecypoda obtained by the ChaUevyer, 
Mr. E. A. Smith remarks that as a rule “very deep-water 
• benthal ’ species certainly have a tendency to be without 
colour and of thin structure, facts no doubt resulting from the 
absence of light, the difficulty of secreting lime, the scarcity oi 
food, and other unfavourable conditions of existence." At the 
same time, he notices that most of the species obtained belong to 
genera which, even when occurring in shallow water, are thin and 
colourless, e.g. Ntavra, Lima,, Cryptodon, Abra, Verticordia, etc. 
Deep-water species of such genera as have a decided periostracum 
{MaUetia, Zimopsis, Leda, Nuevia, Area) retain it with little if 
any modification. The deep-water Pelecypoda of the Atlantic 
and Pacific Oceans present no special features of interest. The 
species are few in number, and the genera are not remarkable 
either for novelty or peculiarity of form. 

The greatest depth at wuich Pelecypoda have been obtained 
is 2900 fath. mid North Pacific {CcUlocardia paci/lea Sm., Abra 
profundorum Shl) ; the greatest depth at which Gasteropoda have 
been obtained is 2650 fath. Soirth Atlantic (8tylif»i' bryehius 
Wata), both by the GhaUeng&r. The deepest Challenger Nudi- 
branch came from 2425 fisitL, and the deepest Chiton from 2300 
fatn. The greatest depth ever dredged is 4575 fath. off the east 
coast of Japan. 
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CLASS CEPHALOPODA 

The Cephalopoda present a complete contrast to the majority of 
the MoUusca in habits and in many points of organisation. In 
their power of rapid movement and their means of progression, 
their extreme ferocity and carnivorous habits, their loss, in so 
many cases, of a shell, and in its constitution when present, in 
the general symmetry of their parts, in their reproductive and 
nervous system, they stand in a position of extreme isolation 
with nothing to connect them with the rest of the phylum. 

Professor A R Verrill has collected many interes^g details 
with regard to gigantic Cephalopoda occurring on the north- 
eastern coasts of Am^ica. From these it appears that the 
tentacular arms of some species of Architeuthu measure as much 
as 32, 33, 35, and 42 feet in length, while the total length, 
including the body, sometimes exceeds 50 feet. Even off the 
Irish coast a specimen was once captured whose tentacular arms 
were 30 feet long, the mandibles 4 inches across, and the eyes 
about 15 inches in diameter.^ The strength of these giant 
Cephalopods, aided as they are by formidable rows of suckers and 
other means of securing a grip, is almost incredible. Cases are 
not imcommon, in which persons diving or bathing have been 
attacked, and have with difficulty made their escape. 

Great damage is frequently infficted by Cephalopoda upon 
shoals of fish on our own coasts. Off Lybster (Caithness) Loligo 
and Ommattrephes devour the herring, large numbers of which are 
cut up and bitten on the back of the neck by these creatures. 
On the American coasts the mackerel fisheries are sometimes 
entirely spoiled by the immense schools of squid which infest the 
^ Trans. Connect. Acad. v. p. 177 ; Zoologist^ 1875« p« 4502. 
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Baj of St Lawieooe.^ When rotted in the pursuit of fish 
Cephid(^>oda leap high out of the sea. Dr. W. H. Bosh * relates 
that when about 800 miles off the coast Brazil, a swarm of 
hundreds of decapods flew from the water and landied on the 
deck of the ship, which was 12 feet above the surface levels and 
they had to go over the hammock nettings to reach it 

The common Octoptu vidgaris Lam., of our own and the south 
European coasts, inhabits some rocky hole, the approaches to 
which, like the den of a fabled giant, ate strewn with the bones 
of his victims. Homer himself knew how hard it is to drag the 
polypus out of his hole, and how the stones cling fast to his 



Fig. 2S8 . — Octopus 
vulgaris Lam.^ 
Naples: A, At 
rest ; B, in mo- 
tion ; f, funnel^ 
tbe arrow show- 
irig the dilu- 
tion of the pro- 
pelling cturent 
of water. (Alter 
Merculiano.) 


suckers. The colour-changes, which flit across the skin of the 
Octopus, appear, to some extent, expressive of the different emotions 
of the animal. They are also undoubtedly protective, enabling it 
to assimilate itself in colour to its environment. Mr. J. Honiell ^ 
has noticed an Octopus, while crawling over the rock-work in his 
tank, suddenly change the dolour of the whole right or left side 
of its body, and of the fouf- tirms on the same side, to a snowy 
whiteness. They have also bt^en seen to change colour, as if 
involuntarily, atwriling to the material on which they crawL 

’ Hep. Sootoh Fish, iii. 18^5, Apj*. K, 67. 

^ XatUllus, vi. 1892, p, 82. ^ Juurn, Sfar, i. pp. 6, S 
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The nerve-centres which control the chromatophores or 
cells, causing them to expand or contract, are found to connect 
with the optic ganglia; hence the changes of colour may be 
regarded as a reflex result of the creature’s visual perception of 
its surroundings. 


Order Dibranchiata 

Cephalopoda with two symmetrical branchiae, funnel cmn- 
pletely tubular, mouth surrounded by 8 or 10 arms furnished 
with suckers or hooks* ink-sac and fins usually present, eyes with 
a lens ; shell internal or absent. 

The Dibranchiata are not known from Palaeozoic strata, and 
first appear {Belemnites, BeUmnoteuthis) in the Trias. Whether 
they are to be regarded as derived from some form of Tetra- 
branchiata, e.g. OrthocercLs, or as possessing an independent origin 
from some common stock, cannot at present be decided. They 
attain their highest development at the present time. The 
earliest representatives of the Order (the Phragmophora) possessed 
a shell chambered like that of the Tetrabranchiata. These 
chambered Dibranchiates rapidly reached their maximum in the 
upper lias and as rapidly declined, until at the close of the 
Cretaceous epoch they were comparatively scarce, only a few genera 
(Bdoptwa, Spirulirostra) surviving into Tertiary times. 

The ordinary Dibranchiate Cephalopod may be regarded as 
consisting of two parts — (a) the head, in which are situated the 
organs of sense, and to which are appended the prehensile organs 
and the principal organs of locomotion ; (b) a trunk or visceral 
sac, enclosed in a muscular mantle and containing the respir- 
atory, generative, and digestive organa The visceral sac is often 
strengthened, and the viscera protected, by an internal non-spiral 
shell The ' arms ’ which surround the mouth are modifications 
of the moUuscan foot (p. 200), and are either eight or ten in 
number. In the former case (Octopoda) the arms, which are 
termed 'sessile,’ are all of similar formation, in the latter 
(Decapoda), besides the eight sessile arms there are two much 
longer ' tentacular ’ arms, which widen at their tips into clubs’ 
covered with suckers. 

Eemarks have already been made on the generative organs 
of Cephalopoda (p. 136 f.), tlie branchiae (p. 170), the nervous 
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Hyetem (p, 206), the eye (p. 182), the radula (p. 236), and the 
ink-sac (p. 241). 

One of the most characteristic ieatures of the Bibranchiata 
are the (teetahda, or suckers^ with which the 
arms are furnished. They are usually disposed 
on the sessile arms in rows (of which there are 
four in most Sepia, two in Octopus, and one in 
Eledone), and become more numerous and smaller 
at the tip of the arm. They are massed together 
in large numbers of unequal size on the ' clubs ’ 
in the Decapoda, particularly in Loligo, In most 
Octopoda their base is flush with the surfitce of 
the arm, but in Decapoda the ac^tahula are ped- 
unculate, or raised on short stalks. In Octopoda 
again, the acetabula are fleshy throughout, but 
in the Decapoda they are strengthened by a 
corneous rim with a smooth or denticulate edge 
{Ominastrephes, Architeuthis), Many of the 
acetabula on the tentacular and sometimes on Fio. 289.-;-‘caub’ 
the sessile arms of the Onychoteuthidae enclose 
a powerful hook, which is retiraQtile like the ing the crowded 
claws of a cat. tabula, x i 

In mechanical structure the acetabula consist 

of a disc with a slightly swollen margin, from which a series of 

muscular folds converge towards the centre of the 

disc, where a round aperture leads to a gradually 

widening cavity. Within this cavity is a sort of 

button, the caruncle, which can be elevated or 

depressed like the piston of a syringe ; thus when 

the sucker is applied the piston is withdrawn and 

„ ^ ^ a vacuum created (Owen). 

Pxa 240. — Olio _ J.J 1 

of the tuckers In many Octopoda the arms are connected by 

dux umbrella^, which sometimes extends up 

iug the denti- the greater pai*t of the arms {Cirrhoteuthis, some 

cukte margin EledoneX at others occurs only at the base. The 

ring ; p, ped- use of the umbrella is perhaps to assist in loco- 

motion, by alternate contraction and expansion. 

A cartilaginous skeleton is well developed, especially in the 
Decapoda. In Sepia a cephalic cartilage forms a complete ring 
round the oesophagus, the eyes being situated in lateral prolonga- 
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tions of the same. In front of the cephalic cartilage occuns u 
piece like an inverted T, which supports the base of the anterior 
arms. The Becapoda have also a ' nuchal ’ cartilage, connecting 
the head with the anterior dorsal portion of the mantle, while 
cartilaginous knobs on the ventral mantle button into correspond- 
ing sockets on the funnel. 

Sub-order I. — Octopoda . — ^Body round or bag-like, generally 



Fio. 241. — Cirrhoteuthis mctgna Hoyle, S. Atlantic. Two of the left anus and their 
web have been removed : /, funnel ; Ji, fiuB ; mouth. (After Hoyle, x ^.) 


without fins, jinns eight, suckers fleshy, usually sessile, oviducts 
paired, no ni^mental glands, shell absent. 

Fam. 1. Cirrhotevihidae . — Body with two proxninent fins; 
arms in great part united by a web ; one row of small suckers, 
with cirrhi on each side. — Atlantic and Pacific Oceans,’ deep 
water (Fig. 241). 

Fam. 2. Amphitretidae . — Body gelatinous, mantle fused with 
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tlie funnel iu the median line, forming two openings into the 
branchial cavity; anns with one row of suckers; umbrella 
extending more than two-thirds up the arms. — South Pacific 
(Ki& 242). 

The two pocket-like openings into 
the branchial cavity are unique among 
Cephaloj>oda (Hoyle). 

Fam. 3. Argonautidae. — Female 
furnished witli a symmetrical, unilo- 
cular shell, spiral in one plane, secreted 
by thin terminal expansions (the veld) 
of the two dorsal arms, no attach- 
ment muscle ; suckers in two rows, 
pedunculate ; male very small, without 
veligerous arms or shell. — All wann 
seas (Fig. 243). Pliocene . ^ 

The shell consists of three layers, 
the two external being prismatic, the 
middle fibrous. Its secretion by the 
arms and not by the mantle edge is 

unique, and shows that it is not ^homologous witli the ordinary 
moDuscan shell. 

The great controversy on the Argonauta, which once raged 
with BO much fierceness, is now matter of ancient histoiy. It 


Fio. 243 . — Arffotmuta ar^o 
L., the |>ositioii assunitMl 
by a specimen kept in 
captivity, the arrow show^ 
ing the direction of inove- 
iiieut;/, funnel ; m, mouth, 
with jaws projecting ; sA, 
shell, with arms as Seen 
tlirongh it ; ttw, w^ebbctl 
arm daspiug shell. (After 
liacaze<l)]|itliiors.) 


«eA 

seems scarcely credible thiit l)etween fifty and sixty yearn ago, 
two of the letuliug zwlogists of the day, Mr. Omy and M. do 




Pig. 242. — AmphUretiis pda- 
gictf 0 'Hoyle, off Kermadec 
Is.; e, eyes ; /, flannel ; p, 
right mantle* pocket. (After 
Hoyle. ) 
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Blainville maintained that the animal which inhahite the 
Argonaut shell is a parasite, without any means of depositing 
or forming a shell of its own, but which possesses itself of the 
Argonaut shell, either by expelling or succeeding the original 
inhabitant, a supposed nucleo-branchiate (Heteropod) mollusc akin 
to Carinaria. The final blow to this strange hypotheais-~which 
was urged fey the most ingenious series of arguments— was given 
by Professor Owen, who in 1839 brought before the Zoological 
Society of London the admirable observations of Madame 
Jeannette Power, who made a continuous study of a number of 
specimens of Argonauta in her vivarium at Messina^ The 
result of these observations tended to show that the young 
Argonauta when first excluded from the egg is naked, but that 
in ten or twelve days the shell begins to form; that the 
principal agents in the deposition of shell are the two velated or 
web-like arms ; and that portions of the shell, if broken away, 
are repaired by a deposition of calcareous matter.^ 

Fam. 4. Philonexidae. — Mantle supported by two ridges 
placed on the funnel; large "aquiferous' pores (supposed to 
introduce water into the tissues) near the head or funnel ; suckers 
in two rows, pedunculate. — ^Atlantic and Mediterranean. 

Genera : Ocythoe^ arms of tmequal size, no intervening mem- 
brane, third arm on the right hectocotylised (see Fig, 51 p. 138), 
two aquiferous pores at the base of the siphon ; male very small ; 
Tremoctopus, two aquiferous pores between the eyes, two on the 
ventral side of the head. 

Fam. 5. Alloposidae, — Mantle edge united to the head by 
three commissures; arms extensively webbed, acetabula sessile. 
Hectocotylised arm developed in a cavity in front of the right 
eye. — N. Atlantic. 

Fam. 6. Octopodidae. — Head very large, arms elongated; 
similar, more or less webbed, acetabula usually in two rows, sessile ; 
mantle supported by fleshy bands, no cephalic aquiferous pores. 

In Octopus proper the web is usually confined to the lower 
part of the arms ; Fischer separates off as Pteroctopm a form in 
which it reaches almost to their extremity. The third right 
arm (Fig. 62, p. 140) is hectocotylised, the modified extremity 
being, according to Hoyle, sometimes minute, sometimes spoon- 
shaped, with a tendency to transverse ridges, rarely slender and 
‘ MriL Assoc. 1844, Transactions p, 74 ; P. Z. S. X8S9, p. 35. 




XIH 


DECAPODA 


385 


very long. The relative length of the pairs of arms varies in 

different species. Two cartilaginous stylets, imbedded in the 

dorsal mantle, are said by Owen to represent the shell 

Other genera ; Finnoctopus, body furnished with broad lateral 

wings which meet at the posterior end; datopus, a large web 

prolonged along the sides of 

the arms, fitted with oval 

aquiferous pouches, with pores 

at their base, between each 

pair of arms; Medone (Fig. 

244), one row of ocetabula ; 

Tritaxeojms, lajjetella. 

Sub-order n. — Fecapoda. 

— Body oblong, mouth sur- 

roimded by foiu: pairs of sessile 

undone pair of tentacular arms, 

the latter terminated by a 

‘ club ’ ; acetabula pedunculate 

and furnished with a corneous Fro- Aldmrandi Delle Chi^je, 

. 'til Naples, from ventral side, x A. 

margin ; mantle margin locked 

to the base of the funnel by a cartilaginous apparatus ; head and 
anterior part of hotly furnished with aquiferous pores; fins 
present ; mandibles corneous ; oviduct single, large nidamental 
glands ill the female ; shell internal 

The tentacular arms, which are the principal external feature 
of the Decapoda, are not derived from the same muscular ring as 
the sessile arms, but arise from the cephalic cartilage, and emerge 
between the third and fourth arm on each side. In Sepia they 
can be entirely retracted into a kind of pocket behind the eyes, 
while in Loliffo they are simply folded over one another. In 
Chiroteuthis the arms are six times as long as the body, and the 
clubs have four rows of denticulate suckers. 

The anterior ventral ^ portion of the mantle is furnished with 
a singular contrivance for locking it to the funnel, and so render- 
ing the whole animal more capable of resisting the impact of any 
forca This contrivance generally consists of a series of ridges 
or buttons which fit into grooves or button-holes, the ridges being 
on the interior face of the mantle and the corresponding grooves 

^ It is conveuiont, but not niorpliologicAlly correct, to apply the terms ^ ventral ' 
ami * dorsal’ in this sense. 

VOL. Ill 2 C 
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on the funnel, or vice versd. This ' resisting apparatus * is most 
elaborate in the pelagic genera, and least so in the more sluggish 
littoral forms. A similar, but not so complex, arrangement 
occurs also in the Octopoda. 

The different fonns of the shell appear to indicate successive 
stages in a regular couise of development. We have in Spirula 
(Fig. 247) a chambered slicll of the Tetrabranchiate type, but of 
considerably diminished size, which has ceased to 
contain the animal in its last chamber, and has 
become almost entirely enveloped in reflected folds 
of the mantle. These folds gradually concresce to 
form a definite shell-sac, by the walls of which are 
secreted additional laminae of calcareous shell - 
substance. These laminae invest the original 
shell, which gradually {Spirulirostra, Bdoupia) 
loses the spiral form and becomes straight, eventu- 
ally disappearing, while the calcareous laminae 
alone remain (Sepia). These in their turn dis- 
appear, leaving only the plate or ‘ pen ' ui)on which 
they were deposited (LoHyo), which itself also, 
witli the shell-sac, finally disiippears, surviving 
only in the early stages of Octopus (Ijankester). 

The IJecapoda are divided, according to the 
character of tlie shell, into Fhragmophora, Sepio- 
jfhoret, and Chondrophora.^ 

A. riiKAGMOPiiOKA. — Arms furnished with 
Fio 245 ‘Club* acetabula ; shell consisting of a phrag- 

of QfiychaUv- onoco7ie or chambered sac enclosed in a tliin wall 
in^ the hooks conotheca), septa pierced by a siphuncle near 
and clusters of the veutral margin (in Spirula alone this cham- 
and^^acetobuia forms the whole of the shell). The 

below them, apex of the cone lies towards tlie posterior end of 
^ the body, and is usually enveloj^ed in a calcareous 

guard, or rostrum. Beyond the anterior end of the rostrum the 
conotheca is extended forward dorsally by a pro-ostracum or 
anterior shell, which may be shelly or horny, and corresponds to 
the gladius of the Chondrophora. The rostrum consists of 
calcareous fibres arranged perpendicularly, to the planes of the 
laminae of growth, and radiating from an axis, the so-called 
* 4tpayfM9, partition ; cuttle- bone ; long cartilage. 
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apical line, which extends from the extremity of the phragmocone 
to that of the rostrum. Distribution, see p. 380. 

Fam. 1. Spirulidae. — ^Arms with acetabula, shell a loose 
spiral, without rostrum or pro-ostracum, partially external, 
enclosed in two lobes of the mantle (Figs. 247 and 248). 

The single species of the single genus (51 Peronii Lam. = laevis 
Gray) has not yet been thoroughly investigated, although the 
shell occurs in thousands on many tropical b^hes, and is some- 
times drifted on our own shorea The animal appears to have 
the power of adhesion to the rocks by means of a terminal sucker 
or pore. The protoconch is present, 
and contains a prosiphon, which does 
not connect with the siphimcle. The 
septal necks are continuous, not broken 
as in Nautilus. The siphuncle is on 
the ventral margin of the shell, the 
last whorl of which projects slightly on 
the dorsal and ventral sides, but is 
even there covered by a thin fold of 
the mantle. The retractor muscles of 
the funnel and of the head find their 
point d*appui on the shell, the last 
chamber of which contains the pos- 
terior part of the liver, with which the 
membranous siphuncle is connected. 

Fam. 2. Belemnitidae. — Arms hooked 
as in Onychoteuthis, fins large; phrag- 
mocone straight, initial chamber globu- 
lar, larger than the second, rostrum 
often very long, investing the phrag- 
mocone, pro-ostracum sword- or leaf- Fio. Sepia offidnaiis L., 
shaped, rounded in front, seldom pre- position of internal 

served, ink-sac present. — Lower Lias ^ *'‘® 

^ ^ tentacular anus are cut off.) 

to Cretaceous. 

The Belemnitidae are believed to have been gregarious, and to 
have lived in shallow water on a muddy bottom. Specimens are 
sometimes found in which even the ink-sac can be recognised in 
situ. The relative proportions of rostrum and phragmocone vary 
greatly in different groups, the rostrum being in some cases 
two feet long, in others only just enclosing the phragmocone 
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As a rule the rostrum is the only portion which has been 
preserved 

Fam. 3. Belosepiidae , — Phragmocone short, slightly curved, 
chambers small, placed at the posterior end of a sepion, rostrum 
solid, obtuse. — Eocene (Paris, Bracklesbam, etc). 

Fam. 4. Bdo^pteridae, — Sepion not known ; phragmocone 
curved, siphuncle on the ventral margin, rostmm well developed, 
pointed Principal genus, SpiruHrostra . — Miocene of Turin. 


These two families, with their small, curved 
phragmocone and (in the case of the Belose- 
piidae) large sepion, are clearly intermediate 



Fiq. 247. — Shell of Spintla Ptronii Lam A, OutNide view ; B, 
showing last chamber and position of siphuncle ; C, in section, 
showing the septa and course of siphuncle ; D, shell broken 
to show the convexity of the inner side of the septa ; por- 
tion of a septal neck. 



Fig. 248. — Spintla Per- 
unii Lam.: d, ter- 
miiud sucker ; /, 
funnel ; Sj, pro- 
jecting portions of 
shell, the internal 
part of which is 
dotted in. (From 
Oweu and A. Adams 
combined. ) 


between the Phragmophora and Sepiophora. Some authorities 
place them with the latter group. 

B. Skpiophoka. — Shell internal, consisting usually of (a) an 
anterior cancellated portion, (5) a posterior laminated portion, 
the laminae enclosing air. It terminates in a very rudimentary 
phragmocone and a rostrum, but there is uo siphuncle. 

Fam. Sepiidae . — ^Eyes with comes conuplete, body oval, fins 
narrow, lateral, as long as the body, generally, united behind ; 
sessile anns diort, tentacular arms long, acetabula generally in 
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four rom, fourth left arm in the male hectocotyliaed near the 
base (Fig. 249). — World-wide. 

The sepion or ‘ cuttle-bone * runs the whole length and width 
of the body. In Sepia it is very thick in front, while the 
posterior ventral end is concave and terminated by a prominent 
spine, the rostrum or mucro, which points downwarids. The 
whole shell is surrounded by a thin . 

chitinous margin, which forms a 
lateral expansion. Other genera are 
Sepidla, nemisepi%bs, and Trachyteu- 
this (fossil only). , 

C. Chondrophora. — Shell {gladius 
or pen) long, chitinous. / 

(a) MyopsUae :^ cornea p,,. 24»._HectocotyH..d 

species mostly SUh-littoraL of Sepia offidnalte L., shown in 

Fi«. 1. l»ge, 

dorso-lateral ; tentacular arms retrac- pocket into which the tenUcuiar 
tile; two first dorsal arms in the ann is retracted. 

male hectocotylised ; gladius narrow, half as long as the body. — 
World-wide. 

Principal genera : Sepiola, dorsal mantle connected with the 
head by a broad cervical band, ventral mantle with the funnel by 
a ridge fitting into a groove ; Bossia, dorsal mantle supported 
by a ridge, arms with never more than four rows of acetabula ; 
Inioteuthis, Stoloteuthis, Nectoteuthis, and Promachoteuthis 

Fam. 2. Sepiadariidae, — Fins not as long as the body, mantle 
imited to the head on the dorsal side, fourth left arm in the 
male hectocotylised ; no gladius. Principal genera, Sepiadarium, 
Sepioloidea. — Chiefly Pacific Ocean. 

Fam. 3. Idiosepiidae. — Fins very small, terminal; fourth 
pair of arms in the male hectocotylised, bare of suckera 

The only genus, Idiosepion, with a single species (/. pyg- 
maeum Stp.) is from the Indian ocean, and is the smallest 
known Cephalopod, measuring only about 15 mm. in length. 

Fam. 4. Loliginidae, — Body rather long, fins varying in size, 
tentacular arms partially retractile, gladius as long as the back, 
pointed in front, shaft keeled on the ventral side. — World- wide. 

Loligo proper has a pointed body with triangular posterior 
fins united behind ; sessile arms with two rows of acetabula, 
* /Awrfcii, close the oye« ; sight ; contrasted with OigojMidac ojien). 
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tentacular arms with four ; fourth left ami hectocotylised at the 
tip ; funnel attached to the head. Other genera are Loliguncula, 
Sep'ioteuthis, and Loliolus. Belemnosepia, Beloteuthis, Leptoteu- 
this, and Phylloteuthis are fossil genera only, differing in the 
shape of the gladius. 

(6) Oigopsiddc : cornea more or less opcAi ; sj>ecies pelagic. 

Fam. 5. Ommastrephidae . — Body cylindrical, fins generally 
terminal, united together, regularly rhomboidal, sessile arms with 
varying number of rows of acetabula, mantle connexions elalio- 
rate ; gladius horny, narrow lanceolate, with a hollow cone at 
the posterior end. — rWorld-wide. 

Ommastrephes proper has a natatory web on the sessile arms ; 
the wrist of each club has a series of acetabula with correspond- 
ing cusliions on the other wrist. In Thysanoteuthis (often made 
a separate family) the sessile arms have two rows of cirrhi, witli 
lateral expansions of the skin ; fins as long as the body. In 



Fig. 250. —ArchUeuthis princepSj Verr., E. Ainerioa: /, Ripht fin ; /«, funnel ; /.c, 
fixing cushions and acetabula on the tentacular arms [t, t). (After Verrill. x 9 ^.) 

Architeuthis, to which l)elong the largest Cephalopoda known, 
the fins together are shaped like a broad arrow-head ; acetabula 
of sessile arms strongly denticulate ; tentacular arms very long, 
with equidistant pairs of acetabula and fixing cushions through- 
out their entire length, and a group of tlie same at the base of 
the club. The acetabula and cushions correspond on the oppos- 
ing tentacles, and enable them to pull together. Other genera 
are Dosidicus, Todarodes, Illex, Bathyteuthis and Mastigoteuthis. 

Fam. 6. Onychoteuthidae . — Body cylindrical, fins terminal or 
lateral, mantle-locking apparatus elaborate, tentacular arms very 
long, sessile or tentacular arms furnished with retractile hooks, 
gladius lanceolate, with a terminal cone. — World-wide. 

The prehensile apparatus of Cephalopoda reaches its maximum 
of power and singularity in this family. In Onychia, Onycho* 
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teufhis, and Ancistroteuthis, the sessile arms have acetabula only, 
in Gomtua and Abralia they have hooks as well, while in 
Verania, Anciatrochirus and Enoploteuthis, the sessile arms have 
hooks only. The nuinl)er of rows of hooks or acetabula varies 
with the different genera. 

Fam. 7. Chiroteuthidae, — Head nearly as large as the body ; 
fins tenninal, tentacular arms very long, 


sessile arms slightly webbed, acetabula 
denticulated ; mantle-supports consisting 
of cartilaginous ridges on the mantle, 
which fit into corresponding depressions 
on the funnel, gladius expanded at each 
end. — Atlantic Ocean. 

The six dorsal arms in Histioteuthis 
are united by a broad web, while in 
Histiopsis the web only reaches half 
way up the arm. In Chiroteuthis the 
tentacular arms have scattered sessile 
suckers throughout their whole length, 
and four rows of very long peduncu- 
late suckers on the clubs. 

Fam. 8. Cranchiidae, — Head small, 
body rounded, barrel-shaped, fins termi- 
nal> eyes often very large, sessile arms 
short, tentacular arms long, thread-like. 
— World-wide. 

Cranchia proper has the tentacular 
clubs finned, with eight rows of suckers, 
body sometimes covered with warty 
tubercles. Loligopsis has a very attenu- 
ated body, with fins terminally united ; 
some species are spotted with colour, 
or have rows of tubercles on the ventral 
side. Taonius (Fig. 251) is doubtfully 



Fia. 251 . — Taonius hyperhoreus 
Stp., N. Atlantic : «, c, eyes ; 
/, /, fins ; U tentacular 
arms. (After Hoyle, x J). 


distinct from Loligopsis. 


Order Tetrabranchiata 

Cephalopoda with four branchiae and four kidneys ; animal 
inhabiting the last chamber of an external multilocular shell ; 
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funnel consisting of two separate lobes; tentacles numerous, 
without suckers or hooks ; no ink-sac; 

The shell consists of two layers, the outer being porcellanous, 
and the inner, as well as the walls of the chambers or septa, 
nacreous. The septa vary greatly in shape. In most of the 
Nautiloidea they are regularly curved, as in Nautilus, or 
straight, as in Orthoceras, but in the Ammonoidea they aie often 
exceedingly complex. The edge of the septum, where it unites 
with the shell-wall, is called the suture, and the sutural line, 
which is not seen until the porcellanous layer is removed, varies 
in shape with the septum. 

The septa are traversed by a membranous tube known as the 
siphuncle, which in Nautilus is said by Owen to connect ulti- 
mately with the pericardium. The septal necks, or short tubular 



Fig. 252 . — Nautihu pompiUua L., in section, showing the septa (s, /?), the septal necks 
{s.n, s.n), the siphnncle dotted in {d), and the large body chamber {ch). 

prolongations of the septa where they are perforated by the 
siphuncle, are in the great majority of the Nautiloidea directed 
backwards (Fig. 252), i.e,, they project from the front wall of 
each chamber, while in nearly all Ammonoidea they are directed 
forwards. When the siphuncle is narrow, as in the Ammon- 
oidea, it is simple, but when wide, as in many of the Nautiloidea, 
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its walls are often thickened by the deposition of masses of cal- 
careous matter, or by rings and radiating lamellae of the same 
material In position, the siphnncle is sometimes central, some- 
times sub-central, sometimes (Ammonoidea) 
marginal In some cases its position is 
believed to change during the growth of 
the individual The precise object served 
the siphuncle is at present unknown. 

Some hold that it preserves the vitality of 
the unoccupied chambers, by connecting 
them with the soft parts of the animal ; 258 

others have regarded it as a means for Kelkway's Bock, show- 
lightening the shell by the passage of some (1^^ 

gas into the chambers. 

The initial chamber in Nautiloidea consists of an obtuse 
incurved cone, marked on the outer surface of its posterior wall 
by a small scar known as the cicatrix, which may be slit-like, 
round, oval, or cruciform in shape. It has been held that the 
cicatrix originally communicated with the protoconch or larval 
shell, which probably dropped off as development proceeded. In 
the Ammonoidea, on the other hand, there is no cicatrix, and the 
initial chamber probably represents the protoconch, as seen in the 
nucleus of many Gasteropoda. 

Sub-order 1. Nautiloidea, — Shell straight, bent, or coiled, 
aperture simple or contracted ; siphuncle often narrowed by 
internal deposits, position variable ; septal necks short, usually 
directed backwards ; septa concave towards the aperture ; initial 
chamber conical, with a cicatrix on the posterior wall 

The Nautiloidea, of which Nautilus is the sole living repre- 
sentative, date back to the Cambrian epoch, and attain their 
maximum in the Silurian and Devonian. At the close of the 
Palaeozoic era, every family, with the sole exceptions of the 
Orthoceratidae and Nautilidae, appears to have become extinct. 
The former disappear with the Trias, and after the lapse of the 
whole Secondary era, Aturia, a form closely related to NautUus, 
makes its appearanca 

(a) EetrosiphoTiata : septal necks directed haelcwards. 

Fam. 1. Orthoceratidae } — Shell straight or slightly curved, 
aperture simple, body -chamber large; siphuncle cylindrical, 
’ The clasaifioation is tliat of Koord, CataL Fossil CtphaL JSriL Mus., 1S88. 
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position variable. Single genus, Orthoceras (Fig. 254). — Cam- 
brian to Trias. 

Fam. 2. EThdoceratidae, — Shell straight, siphuncle wide, mar- 
ginal, septal necks produced into tubes fitting into one another. 
Principal genera : ETidoceras (specimens of which occur six feet 
long), and Pitoceras. — Ordovician. 

Fam. 3. Actinoceratidae. — Shell straight or slightly curved, 

siphuncle wide, contracted at 
the septa by obstruction-rings. 
Princi])al genera : Actifiocera$, 
Discosorus, Huronia^ SoA^toceras. 
— Ordovician to Carboniferous. 

Fam. 4. Gomphoceratidae . — 
Shell globular, straight or con- 
siderably curved, aperture nar- 
rowed, T-shaped, body-chamber 
large, siphuncle variable in posi- 
tion. The aperture is in some 
cases so narrow that probably 
^ ° only the arms could be pro- 

showing the septa and siphuncle truded. Principal genuB, (?om- 

(«,«); B, portion of the exterior of phoceras (Fig. 255). — Silurian. 

Orthoceras anmUatum Sowb., xl. a auit 

(Woodwardian Museum, Cambridge.) Jc* AM. 0. A8C0C6T(lt%cL(l€, oheil 

sac. -like or flask -shaped, apex 
truncated, unknown, body-chamber occupying nearly the whole 
of the shell on the ventral side, contracting at the aperture, last 
few septa coalescing on the dorsal side and encroaching upon the 
body chamber. The young form has a symmetrical shell like 
Orthoceras, attached to the sac-like shell above described ; as 
growth proceeds the former portion is thrown off. Principal 
genera : Ascoceras, Glossoceras . — Ordovician and Silurian, 

Fam. 6. Poterioceratidae. — Shell fusiform, contracted at both 
ends, aperture simple, siphuncle variable in position, inflated 
between the septa. The form generally resembles Gomphoceras, 
except for the simple aperture and fusiform shape. — Ordovician 
to Carboniferous. 


Fam. 7. Cyrtoceratidae , — Shell conical or sub -cylindrical, 
slightly curved, body-chamber large, siphuncle variable in posi- 
tion. Single genus, Cyrtoceras . — Cambrian to CArboniferous. 
Fam. 8. Lihiitidae . — Shell coiled in a flat, sometimes loose 
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spiral, last whorl straight, containing the body-chamber, often 
greatly prolonged. Principal genera: Lituites, OphidioceroB . — 
Ordovician and Silurian. 

Fam. 9. Trochoceratidm. — Shell helicoid, with seldom more 
than two whorls, dextral or sinistral, last whorl sometimes 
partly uncoiled. Principal genera : IVochoceras, Adelphoceras . — 
Ordovician to Devonian. 

Fam. 10. NauHlidcte. — Shell with few whorls more or less 
overlapping, septa simple, siphuncle central 
or sub-central, aperture not contracted. 

The ‘tentacles' are about 90 in numl)er, 
and consist of four groups each of 12 or 13 
labial tentacles surrounding the mouth, two 
groups each of 17 larger (brachial) tentacles 
on each side of the head, two thicker tenta- 
cles which combine to form the ‘ hood,' and 
two small tentacles on each side of the eye. 

Wfien the animal swims, the tentacles are 
extended radially from the head, somewhat 
like those of a sea-anemone. Tlie direction of 
the many pairs of tentacles at constant but 
different angles from the head is the most 
striking feature in the living Nautilus, and 
accounts for its being described, when seen 
on the surface, as ‘ a shell with something like 
a cauliflower sticking out of it.' ^ The funnel is not a complete tube, 
but is formed by tlie overlapping of the margins of two thin fleshy 
lol)e8 (which are probably morphologically epipodia), so that when 
the two lobes are parted, a broad ciinal appears, leading to the bran- 
chial cavity. The liead is conical, and the mouth and its appendages 
cjin be retracted into a sort of she^ith, over which fits the ‘ hof)d.* 

Other genera are Trocholites, Gyroceras, Hercoceras, Discites, 
Aturia, — Ordovician to present time. 

Fam. 11. B€ictritidm. — Shell straight, conical, siphuncle 
small, marginal, septal necks long, funnel-shaped, sutures undu- 
lating, with a sinus corresponding to the siphuncle. This family, 
from the fonu of its sutures, appears to constitute a passage to the 
Ammonoidea. Single genus, Bmtrites. — Silurian and Devonian. 

(/>) Prosiphonata. — Septal necks directed forwards. 

* Savillc Kent, Proc. Poy. Soc. Queensland, vi. p. 229. 


Fig. 265. — A, Oompho^ 
ceras ellipUcuM^'Coy, 
Silurian : B, aperture 
(ojo) of same ; *, s, 
septa ; si, position of 
siphuncle. (After 
Blake.) 
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The two genera are Bathmocenzs (Ordovician), shell straight, 
conical, always truncated, siphon marginal; and Nothoceras 
(Silurian), shell nautiloid with simple sutures. 

Sub-order 2. Ammonoidm , — Shell multiform, straight, 
curved, flat spiral, or turretted, sutural line more or less complex, 
siphuncle simple. 

Some authorities hold that the members of this great sub- 
order, now totally extinct, belong to the Dibranchiata, on the 
ground that the protoconch resembles that of Spirvla rather 
than that of the Nautiloidea. Others again regard the Am- 
monoidea as a third, and distinct Order of Cephalopoda. Their 
distribution extends from the Silurian to (possibly) the early 
Tertiary. No trace has ever been found of an ink-sac, mandible, 
or hooks on the arms ; the shell was undoubtedly external. 

The sutural line, which indicates the septa, and is generally 
concealed beneath the outer layer of shell, consists of a number 
of lohea or depressions, the concave part of which is directed 
towards the aperture. Between these lobes lie corresponding 
elevations, or saddles, the convex part of which is directed 


Fio. 256. — Diagram of tlie sutures of 
Ammonites : A, an elaborate suture 
[Phyllocereu ) ; B, a simple suture 
(Ceratites) ; s.s, siphonal, s.v, ven- 
tral, 8.1, first lateral, 8.V, second 
lateral saddles ; s.a, s.a, auxiliary 
saddles ; /.o, ventral, /, first lat- 
eral, V, second lateral lobe ; La, 
La, auxiliary lobes. The arrow 
points towards the aperture. (From 
Woodward.) Compare Fig. 256. 


towards the aperture. There are six principal lobes (Fig. 266) 
the dphoTval or ventral, which is traversed by the siphuncle, the 
dorsal, and a superior and inferior lateral on each side ; smaller 
auxiliary lobes may succeed these latter. The adjacent saddles 
have received corresponding namea As a rule the sutural line 
is very complex, but in some cases (Goniatites, Lobites) it is 
simple (Fig. 258, A). The first saddle of a large number of genera 
serves as a means of clattsification, according as it is broad or 
narrow. Some autliorities reverse the terms ventral and doiml, 


s.a s.a s.t s.l sy s.s 



La L.a I I Iv 

s.a ‘sX s.l s.y s.s 

La t I l.Y 
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as applied above. It is probable, however, that the position of 
the aniiual of Ammonites in its shell resembled that of Nautilus. 
The fiiphuncle is dorsal (internal) in 
Clymenia only, ventral (external) in all 
other genera. 

The aptychus of Ammonoidea is a 

corneous or calcareous valve-like body, 

generally formed of two symmetrical 

parts (Fig. 257). It has been regarded 

by some as the covering of the nida- 

mental erland, and hence as occurring Fro. 257. — Aptychus of Ammcmite 
1 • ^ r 1 u * 4 . 1 . ^ {.TrigondliUa leUus), Kim- 

only in the female, by others, with more meridgo CUy, Ely. x i, 

probability, as an operculum, covering 

or imbedded in a hood formed, as in Nautilus^ of modified arma 
Sometimes the Aptychus is in a single piece {Anaptychus), some- 
times the two pieces are united on the median line {Synaptychus), 
The Ammonoidea are thus classified by Dr. P. Fischer : — 



(a) Eetrosiphonata . 


(5) Prosiphonata 


( 


No AptycliuB or 
Anaptychus 
corneous, 
single 


Qoniatitidcte. 

(First saddle, MrcMtidae, TropUidae^ 
wide \ CeratUidae, Clydonitidae, 
i Pmeicoceratidas^ AmaU 
First saddle,^ thetdae^ AmmoniMaey 
Lytoceratidae, 


[ 


narrow 

Aptychus calcareous, valves | Harpoceraiidae, Stqfkano- 
double or united ( ceratidae. 


(a) Eetrodphoruita. Fam. 1. Goniatitidae. — Shell nautiloid, 
whorls sometimes disjoined, siphuncle ventral or dorsal, sutures 
simple. Principal genera: Clymenia, Goniatites, (Fig. 258, A). 
— Devonian to Carboniferous. 


(6) ProsiphoTiata, Fam. 2. Arcestidae, — Shell globular, smooth 
or striated and rayed, body-chamber very long, aperture often 
with a projecting hood, umbilicus closed by a callosity, lobes 
numerous, foliaceous, aptychus present Principal genera: Arcestes, 
Lobites. — Principally Trias. 

Fam. 3. Tropitidue, — DifiTers from Arcestidae mainly in the 
more highly ornamented surface, which is decorated with ribs 
which became granular at the periphery. Principal genus, 
Tropites. — ^Trias and liaa 

Fam. 4. Ceratitidae. — Shell ribbed and tuberculated, body 
chamber short, lobes denticulated, saddles simple. Principal 
genera: Cerastes (Fig. 268, B), Trachyceras. — ^Principally Tiiaa 


39« 


AMMONOIDEA 


CHAP. 


Fam, 5. Clydonitidae, — Shell variable in form, body-chamber 
short, sutural line undulated, simple. Principal genera: Clydonitea^ 
Choristoceras, Ehahdoceras, Cochloceras, — Trias. 

Fam. 6. Finacoceratidae, — ^Shell discoidal, usually smooth, 
body-ehamber short, sutural line very complex, lobes numerous. 
Principal genera ; Finacoceras, Sayeceras. — Carboniferous to Trias. 

Fam. 7. Amcdtheidae. — Shell broad, keeled, last whorl con- 
cealing most of the spire, sutures with auxiliary lobes, incised. 
— Principal genera : Amalthem, Schloenbacia, Sphenodiscm , — 
Trias, Cretaceous. 

Fam. 8. Amrnonitidae, — Body-chamber long, whorls narrow, 



Fig. 258. — Various forms of Ammonoidea : A, Goniatites crenistiia J. Phil., Garb. 
Limestone ; B, Ceratites nfxioaus de Hann., Muschelkalk ; C, Ainmonitea (Povrkin- 
sonia) ParHnaoni Sowb., Inf. Oolite ; D, Phylloceraa hUeropkyUum Sowb., Upper 
Lias ; &, s, sutural lines. 

uncovered, more or less ribbed, aperture simple, sutural line 
normal, aptychus single, corneous. Principal genera : Ammonites j 
Aegaceras. — Principally Lias. 

Fam. 9. Lytoceratidae, — Shell discoidal, body-chamber short, 
aperture simple, no aptychus. Principal genera: Lytoceras, 
Phylloceras (Fig. 258, D). — Trias to Cretaceous. 

Fam. 1 0. Harpoceratidae, — Shell discoidal, compressed, 
margin keeled, surface with straight or aax^hed ribs, aperture 
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with lateral projections, suture with accessory lobes, aptychus in 
two piecea Principal genera: Harpoceras, Oppdia, Zissoeeraa. 
— Jurassic to Cretaceous. 


Fam. 11. Stephanoceratidae, — Shell discoidal, helicoid or 
straight, whorls sometimes disunited, surface often with bifur- 


cating ribs, which are tubercled, 
aperture often with lateral pro- 
jections, sutural line incised, 
aptychus in two pieces, some- 
times united. 

In the discoidal group, Ste- 
phanoceras is strongly ribbed, 
tubercled at the point of bifur- 
cation, Gosmoceras has long 
lateral projections of the aper- 
ture when young, Perisphinctes 
has a large body chamber and 
numerous smooth ribs. Other 
genera are AcanthoceraSy Pelto- 
ceras, AspidoceraSy and Hoplites, 
Among the loosely whorled 
genera, Scaphites (Fig. 260, A) 



Fia. 259. — A, Turrilites catetivlatm d’Orb, 
Gault ; B, Macroecaphites Iranii d’Orb, 
Upper Neocomian. (From Zittel.) 


has the last whorl produced and bent back again in horse-shoe 


fonn, while the early whorls are concealed ; Hamites, Hmaulina, 


and Ptychoccras have a shell shaped like a single or double hook, 



the sides of which 
may or may not be 
united ; Crioccras 
(Fig. 260, B) in form 
of whorls resembles a 
Spirilla, Ayicyloceras 
a Scaphites with 
the first whorls dis- 
united. 3fa4irosca- 
phites (Fig. 259, B) 
is similar, but with 
the first whorls 
united and not con- 


cealed. Turrilites (Fig. 259, A) is turretted and sinistral, while 
BaculUes is quite straight, with a long body-chamber. 


CHAPTER XIV 


CLABS GASTBSOPODA — AMPHINEUBA AND PKOSOBRANCHIATA 

Order I. Amphinenra 

Bilatbrallt symmetrical Mollusca, anus at the terminal end of 
the body, dorsal tegument more or less furnished with spiculea 
Snb-Order 1. Pdyplacophora (Chitons). — Foot co-extensive 
with ventral surface of the body, dorsum with eight transverse 
plates, articulated (except in Chitondlus), a row of ctenidia on 

each side between the mantle and the foot. Silurian 

The Chitons are found in all parts of the world, ranging in 
size from a length of about half an inch to six inches or more in 
the giant Cryptoehiton. Although in the main sub-littoral, they 
occur at very great depths ] the Challenger dredged Leptochitmi 
henthus Hadd. at 2300 fathoma Chiton Polii exceptiomilly 
occurs at Malta — teste MacAndrew — above sea margin, but 
within reach of the ripple. As a rule, the Chitons live in con- 
cealment, on the under surface of stones or in deep and narrow 
fissures in the rocka Wlien the stone to which they are 
attached is turned over, they crawl slowly to the side which is 
not exposed, as if disliking the light. An undescribed species, 
however, which 1 took at Panama, crawled quite as fast as an 
ordinary snail Chiton fvlvns Wood, apparently is accustomed 
to crawl with some rapidity. MacAndrew took it in abundance 
on his anchor chain in Vigo Bay every time his yacht was got 
under weigh. He also found it crawling in sand on the shore, to 
which habit is no doubt due its extreme cleanness and fireedom 
from the foreign growths which are so characteristic of many of 
Ure species When detached a Chiton contracts the muscles of 
the whole body, and rolls up into a ball like a wood-louse. 
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are chameterised, extmuM^, Toy their 
iisuaUiy f%rticidated shell of eight or which is 

surrotmaed ^d partly kept in position 
by a inusenlar girdle. These plates over- 
lap like tiles on a roof in such a way 
that the posterior edge of the first, oeph- 
alic, or anterior valve projects over the ^ .a 

anterior edge of the succeeding valve, 
which in its turn overlaps the next, and so ^ 
on throughout. Seven- 
valved monstrosities 
rarely occur. 

A certain portion 

of each valve is covered , J 

either by the girdle or 

- 

tion, which is whitish 

in colour and non- *'* * 

■pH porous in structure, 

Tw forms part of an inner 

layer wnicn. uncLeriies separated to show the vari* 

(IIb the rest of the sub- parti (aatorior 

\WHr r. 1 1 nppennoat) : a, a, orticu' 

KWM stance of the valve, lamentum ; b, beak ; j\ 

r^fk and is called the arti- p^$ i 

fnjp ciUamerUum, The ex- 

temal portion of the valves, or tegrnerUum, is 
generally more or less sculptured, and is largely 
( flV composed of chitin, impregnated with salts of 
\ W lime, thus answering more to a cuticle than 
to a shell proper. It is very porous, being 
\wM pierced by a quantity of minute holes of two 

Ww sizes, known as megalopores and micropores^ 

which are connect^ together by minute 
Fia. 2S2. — Vaivea of Containing what is probably fibrous 

CkiumMust^pmuad or nerve tissue, the mouths of the pores being 
uppeiTOort)Ta,«^ar! occupied by sense organs connected with these 
ticuiameatam ; t, u nerves. The tegmentum of the six inter* 
tegmantum. x 2. valves is generally divided into three 

triangular areas by two more or less prominent ribs, which 
VOL, III 2 0 


Fiq. 261. — ^VaJvos of a Chiton 
separated to ahow the vari- 
ooB parta (anterior val\'e 
nppennoat) : a, a, articu- 
lamentum ; b, beak ; j, 
jugum; pi, pi, pleura; 
t, t, tegmentum. 
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diverge £iN>ni the neighbourhood of the median heetk or vmho. 
The space enclosed between these ribs is known as the medim 

area or jugnm^ the, other two 
spaces as the lateral areas at 
pleura. The ribs terminate with 
the edge of the tegmentum, and 
are not found on the artieula- 
mentum. In certain genera these 
areas are either non-existent, or 
are not distinctly marked. The 
sculpture of the lateral areas (which 
is, as a rule, much stronger than 
that of the median area) will 
generally be found to resemble 
that of the anterior valve, which 
has no proper median area. In 
the posterior valve the median 

Fio. 268. -First, fonrtli, and eighth area is very Small, while the sculp- 
vairee of a CAiton, showing i.i, ture of the rest of the valve cor- 
laminae of insertion ; n. notches ; j ^ xi. i? i i 

autnrai lamiiae. x2. responds to that of the lateral 

areas generally (see Fig. 261). 

The articulamentum of the intermediate valves is divided into 
two equal parts in the middle of the anterior edge, opposite to 
the beak, by a dnus. Each of the portions thus formed is again 
divided by a rvotch or suture into two unequal parts, the anterior 
of which is known as the sutural lamina, and is more or less 
concealed by the valve in front of it, while the lateral part, or 
lamina of insertion, is entirely concealed by the girdle. The 
articulamenta of the anterior and posterior valves are either 
simple or pierced by a series of notches (Fig. 263). 

The girdle of the Chitonidae varies considerably in character. 
Sometimes its upper surface is simply corneous or cartilaginoid, 
with no other sculpture than fine striae, at others it is densely 
beset with spines or bristles, or tufted at intervals with bunches 
of deciduous hairs ; again it is marbled like shagreen or mossy 
down, or covered with serpent-like scalea The width of the 
girdle varies greatly, being sometimes very narrow, sometimes 
entirely covering aU the valves {Cryptochitony As a rule, its 
outer ^ge is continuous, but in 8chim>chiion it is sharply notclied 
over the anu& 
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A description has Already been given of the doml 0y&i in 
Chiton (p. 187), the nervona syetem (p. 202), the branchiae (p. 
154), the radula (p. 228), and the generative syetem (p. 126). 

The recent Chitons axe thfis ckeeified by Br. W. H. Dali : — 

SsCTioi^ L CHrroNBS BsatrLAEKS. — Anterior and posterior 
vedves of simUwr character, 

A. Leptoidea, Insertion plates obsolete, or, if present, 
unslit ; Leptochiton, Hardeyia, Semiarthrum, Microplax, 
Ischnoidea, — Insertion plates sharp, smooth, fissured ; 
with eaves ; Traehydermon, Callochiton, Tonicdla, Schizo- 
plax, Leptoplax, Chaetopleura, Spongioehiton, Ischnochiton, 
Calli8tochito% 

C, Lophyroidea , — Insertion plates broad, pectinated, project- 



Fio. 264.^GiidlM of 
TarioiiB Cluionidfto, 
A, Hadsia suUaia 
Wood, X 2 ; B, 
Maustria 

lata GmeL, x 8 ; 
0, JSaofdoehitim 
niffer Baines, x 8 ; 
D, AoafUhi^iUon 
/aactadana L., x 
4 ; S, Tmteia faa- 
tigiata Sowb., x4* 


ing backward ; Chiton, Towida, JBtidoxochiton, Craspedo- 
chiton. 

D. Acanthoidea . — Insertion plates thrown forward; Sdero- 
chiton, Acantihopleura, Dinoplax, Middendorffia, NuttaUina, 
Arfhwria, Ph^Moplewra. 

Section IL Chttones Irbegulabes. — Posterior veins 
abnormal, or with a sinus behind. 

R Schizoidea . — Posterior valve fissured ; Loriea, Schizochiton. 

R Placiphoroidea . — Posterior valve unslit, internally ridged, 
umho nearly terminal ; Enoplochiton, OrniOiochUon, 
Piaadphora. 

G. Mopodoidea . — Posterior valve with posterior sinim and one 
slit on each side; Mopeiia, Kdtherina, AcantheehUon^ 
Nidoplax. 
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H, Cir^ptoidea , — ^With double sutuiul laminae; Cr^jitomiuhtis^ 
Amicttla, CryptochitoiL 



L Chitondloidea . — Posterior valve funnel shaped; laminae 
Uirown forward ; Chitomllus, Choneplax. 

SulHlrder IL Aplacophora. — Animal vermiform, foot absent, 



or a mere groove, cuticle more or less covered 
with spicules. 

According to Marion, one of the principal 
authorities on the group, the Aplacophora 
are perhaps Amphineura whose development 
has been arrested at an early stage, their 


eaHnoUa TuUb. : a, worm -like exterior being 
^»e;Si;'mou”h”‘ ^ adaptation to sur- 

roundings. They have 
hitherto been found chiefly in the N. Atlantic 
and Mediterranean, generaUy at considerable 
depths, and often associated with certain 
polyps in a way which suggests a kind of 
commensalism. 

Fam. 1. Neomeniidae, — Foot a narrow 
groove, intestinal tube without differentiated 
Uver, kidneys with common exterior orifice, 
sexes united, ctenidia present or absent. 
Genera : Neomenm (Fig. 266), Paramenia, 
Proneomenia, Ismenia, Lepidomenia, Don- 
dersia. 



Flo. 207 . — ChoBtoderma 
nilididum Lov. : a, 
anus ; m, moath. 
x8. 


Fam 2. Chaetodermatidae. — Bodj cylindrical, no ventral 
groove, liver a single sac, kidneys with separate orifices into the 
branchial cloaca, two bipectinate ctenidia. Single genus, CJuuto- 
derma (Fig. 267). 


Order n. ProBobranehiata. 

Visceral loop twisted into a figure of 8 (streptoneurous), rij^t 
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half supra-intea^inal, Mt half infra-inteetinal ; branchia 
dimn) generally aingle« nanally behind the heart ; head witii 
a single pair of tentacles; animal dioecious, usually marme^ 
more or less contained within a shell, operculum generally 
present. Cambrian to present time. 

Bub-order 1 Diotocardia. — ^Heart with two auricles (except 
in the Docoglossa and Helieinidm), branchiae bipectinate, front 
end free ; two kidneys, the genital gland opening into the right 
(except in Neritidae); nervous system not concentrated; no 
proboscis or siphon, penis usually absent 

(а) Docoglossa (p. 227). — Heart with a single auricle, 
ventricle not traversed by the rectum, visceral sac not spiral, 
shell widely conical, non-spiral, no operculum ; radula very long, 
with few hooked teeth in each row. 

Fam. 1. AcmaeidoLe . — Left ctenidium alone occurring, free on 

a long stalk. Cretaceous— . Principal genera : Pectinodonta, 

front part of head much produced, radula 0 (1. 0. 1.) 0 ; Acmxua 
{^'rzTecturoi), with sub -genera Collisella and Collisdlina^ no 
accessory branchial ring, shell closely resembling that of Patella^ 
but generally with a distinct internal border ; Scwrria, accessory 
branchial ring on the mantle. 

Fam. 2. Lepetidm . — No ctenidia or accessory branchiae, 

animal generally blind. Pliocene . Principal genera : 

Lepeta ; Propilidium, apex with internal septum ; Lepetella. 

Fam, 3. Patdlidae. — No ctenidia, the osphradial patch at the 
base of each alone surviving, a circlet of secondary branchiae 

between the mantle and sides of the foot. Ordovician- 

(i) Patdlinae , — Three lateral teeth on each side, two of them 
anterior. Principal genera : Patdla, branchial circlet complete ; 
chief sections Patdla proper, Scutdlastra, Ancistrom^esm (A. 
mexicana Brod., measures 8-14 in. long); Hdcion, branchial 
circlet interrupted in front ; TryUidium (Ordovician). — (ii.) 
Ncuiellinas , — ^Two developed laterads on each side, one anterior. 
Genera: Nacdla, branchial circlet complete; JECdcionisevs^ bran- 
chial circlet interrupted in front 

(б) BHiPxnaGiiOSSA (p. 225). — Ventricle of the heart traversed 
by the rectum (except in Helicinidae), one or two ctenidia ; jaw 
in two pieces, radula long, marginals multiplied, rows curved. 

Of all the Gasteropoda, this section of the Diotocardia approach 
nearest to the PelecyjK)da, particularly in tlie least specialised 
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fc»m& !]^e auricle, the branchiae, and the kidneys are in many 
eases paired, and more or less symmetrical The ventriek is 
generally traversed by the rectum, there is a long labial com* 
miasure between the cerebral ganglia, special copulative organs 
are usually absent, ifi^ile the shdl is often nacreous, like those 
of Pelecyp^a of a primitive type. 

Section L Zygobbanchiata. — ^Two ctenidia, shell with apical 
or marginal slit or holes, corresponding to an anal tube in the 
mantle (p, 265), 

Fam. 1. Masurellidae, — Two symmetrical ctenidia and kidneys, 
visceral mass conical, shell conical, elevated or depressed, with 
a single anterior or apical slit or > impression ; no operculum. 

Jurassic-^ (i.) Fissurellinde. Shell wholly external, apex 

entirely removed by perforation, apical 
callus not truncated posteriorly ; cen- 
tral tooth narrow. Genera : Msaurdla 
(Figs. 171, p. 261; 178, p. 266), JVa* 
suridea, Clypidellcu (ii.) Fissurelli^ 
dinae. Shell partly internal, otherwise 
as in (i.) ; central tooth broad, mantle 
more or less reflected over the shell, 
apical hole very wide. Genera: Ms- 
surellidcLea, Pupillaea, Liicapina, Mega- 
tebennus, Macroschisma, Lucapinellcu 
(iii.) Umargimdinae, Shell usually 
wholly external, apex usually not re- 
moved by perforation, sometimes with in- 
ternal septum, anal tube in a narrow slit 
or sinus. G^enera : Olyphis, externals of Msswrdla, but hole-callus 
truncated behind ; Puncturella (sub-genera Cranopsis and Fumri- 
aQ7fn), slit just anterior to the apex, a small internal septum; Zeidora^ 
large internal septum as in Crepidvla : Emarginula, shell elevated, 
slit very narrow, on the anterior margin (in subg. Bimtda, it is 
between the apex and the margin), radula bilaterally asymmetrical ; 
Subemargirnda, margin indented by a shallow groove; Scntm 
{^Parimphorus) shell oblong, depressed, nicked in front, largely 
covered by the mantle. 

Fam. 2. Haliotidae, — Right ctenidium the smaller, epipodial 
line broad, profusely lobed ; shell rather flattened, spire short, last 
whorl very large, with a row of perforations on the left side, 



Fiq. 268. — Scwlus auatraUs Lam 
Australia : m, m, uiautle ; s) 
aheU. X }. 



mOTOCilKDiA — ^RIHFIDOCQU^SSA 40 jr 

wttidi bee^e cmcceBBivdy obliteratod ; thtough these holee, 
posterior (rf which is anal, pass tentacular appenOa^ of the 

mantle , no opeTcnlnm* Oretaceona* ■■■' . 3ui]^e j^^enns, ^ 

principal sub-genera Teinotis. 

Fam, 3. I‘ltur(3iom(iHidat»~^ tooth single, narrow, 
about 26 laterals, 60 to 70 uncinL Shell generallj variously 
trochifcarm, nacreous, opereulate, with a rather broad marginal 
sinus in the last whorl ; as this sinus closes up it forms an " una l 

fascicle or sinus band” Cambrian Principal genera .* 

Scissurella, epipodial line with several long ciliated appendages at 
each side, shell very small, slit open, sinus band extending nearly 
to apex ; Schismope, anal slit closed in the adult into an oblong 
perforation; Mwrchisonia (Palaeozoic only), shell long, turretted, 
whorls angulate or keeled with a sinus band; Odontomaria 
(Palaeozoic only), shell 
tubular, curved ; Polytre- 
maria (Carboniferous), 
shell turbinate, slit a series 
of small holes connected 
by a passage ; Trochotoma, 
shell trochiform, perfora- 
tion consisting of two nar- 
row holes united by a slit ; 

PltwroUmaria, branchiae 
almost symmetrical, radula 
as above, shell variously 
spiral. 

In Plev/rotomaria we 
have the case of a genus 
long supposed to be extinct. 2&9,^Plewotomaria adat^iana Cr. and F., 

More than 1100 fossil 

species have been described, and within the last 38 years about 
20 specimens, belonging to 5 species, have been discovered in a 
living state. 

Fam. 4. Bdlerophontidae. — Shell nautiloid, spire generally 
concealed, aperture large, sinus or perforations central (Fig. 179, 
p. 266). Ordovician — Trias. Genera: BeUefraphon, Trema-^ 
tonotuB, Oyrtolitea. 

Section 1L — ^Azygobbanchiata. — O ne ctenidium (the left) 
present 
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Fxm, 1. Cocc^inidas. — A single cervical ctenidiunii foot; 
broad, no eyes, shell patelliform, with caducous spire. Single 
genus, Ctmvlina. Beep water. 

Fam. 2. StomaieUidae. — single (left) ctenidium, front third 
free, shell nacreous, spiral or i^telliform, depressed, last whorl 

large. Jurassic . (Jenera: Stomatella (subg. SynaptocochUaf 

Mphonia), shell depressed, spirally ribbed, spire short, operculum 
present ; Fhaneta, fluviatile only, shell trochiform, imperforate^ 
last whorl keeled, sinuate in front ; Stomatia, spire short, surfetee 
tubercled or keeled, no operculum: Oena, shell haliotis-shaped, 
surface smooth, aperture very large : Broderipia, shell pateUifmrm, 
spiral apex often lost. 

Fam. 3. CyclostreTncUidae . — Tentacles ciliated, thread-like, 
snout bilobed, foot truncated in front, angles produced into a 
filament, shell depressed, umbilicated, not nacreous. Eocene 
Principal genera : Cyclostremay Teinostoiim, Vitrinellcu 

Fam. 4. Liotiidae , — Epipodial line with a lobe behind each 
eye-peduncle, shell solid, trochiform, longitudinally ribbed or 
trellised, aperture round, operculum multispiral, hispid, corneous, 

with a calcareous layer, Silurian . Principal genera : 

Liotia, Craspedostoma (Silurian), Crosaostoma (Jurassic). 

Fam. 5. Trochidae, — Snout short, broad, frontal lobes often 
present, epipodial line furnished with cirrhi; shell nacreous, 
variously spiral, operculum corneous, multispiral, nucleus central 

(Fig. 182, p. 268). Silurian . 

(i.) Trochiriae , — Frontal lobes present, 
lateral teeth ( = side centrals) 5 only, 
no jaws, peristome incomplete. Prin- 
cipal genera : Trochm (sul^. Cardin 
nalia, Tectus, iT^uridihvlvm^ Cla'n^ 
cvl'us), MonodoTUa (subg. BUoma), 
Mmodonta canalifera Cantharidus (subg. BanJcivia, Tha- 
(After Quoy Gaza (subg. Microgoza), 

Cailogaza, BembiXj ChlorosUmcu (ii.) 
-Frontal lobes and jaws present, laterals often 
5, peristome incomplete. Principal genera: G^- 
hda (subg. Monilia, Aphanotrochus, Enida), Mindia, Circulvs, 
Trochiscus, Livona, Photinvla, Margarita, Solariella, C<Mi- 
oBtoma, Twrciea, BasiliBm, Emhdw (subg. Olima, Perriwia), 
(iii.) Ddphinulinae . — No frontal lobes, jaws present ; shell solid, 
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mxtfyuce ipxaUj lirate, scaly, spinose, umbtlicato, peiistos^ wu^ 
ti&wua Single genus, JOdphinvIcu (iv.) 
pedunculate, left tentacle attached to a ^ntal appendage, mantle 
reflected over edge of aperture, lateral teeth 6 on each side; 
shell polidbed, peristome incomplete, umbilicus generally closed 
by a callosity. Principal genera: VMonivm, JEthalia, Imnda^ 
Cmmtia, UTn^onella, Chrysostomcu 

Fam. 6. Turhinidae . — ^Epipodial line with slender cirrhi, snout 
broad, short, eyes pedunculate at outer base of tentacles, a frontal 
veil between tentacles ; shell turbinate, solid, aperture continuous, 
operculum solid, calcareous, usually paucispiral, convex exteriorly 

(Fig. 182, p. 268) Silurian (y) PhasiandlincLe , — ^Shell 

bulimoid,poli8hed,not nacreous, coloured in patterns, aperture oval 
Single genus, Phdsianella (Fig. 271). (ii.) Turbimnae . — Shell very 
solid, nacreous within, aperture circular or long oval Principal 
genera, Turbo, whorls rounded above and below, spines, if present, 
becoming more prominent with age, operculum smooth or granu- 
lose, nucleus sub-central ; subg. Callopoma, Nindla, Marmorostoma, 
Sarmaticus, Priaogaster ; Astralium, whorls flattened above and 
below, spines, if present, becoming less prominent with age, 
operculum oblong, often excavated at centre, last whorl large, 
nucleus marginal or sub-marginal ; subg. Lithopoma, ImperaUrr, 


GuUdfordia, Bolma, CyclocairUha, Uvanilla, 
Cookia, Pomaviax, Pachypoma. (iii.) Cycle- 
nematinae , — Shell nacreous, umbilicate, oper- 
culum conical outside, whorls scalariform. 
Principal genera; Cyclonema, Horiostoma, 
(?) Amhcrleya (Silurian to Lias), (iv.) Lepto- 
thyrinae. — Shell small, solid, depressed, 
operculum nearly flat, nucleus sub-centraL 
Genera ; Leptothyra, Collonia (?). 

Fam. 7. NerUopsidae , — Tentacles wide 
apart, long, eyes on short peduncles at the 
outer base; shell solid, neritiform or natieoid, 
aperture semi-lunar or oval ; operculum 



(Fig. 183, p, 269) thick, calcareous, non- 
qpiral, exterior &oe smooth, interior face 
divided into two unequal parts, with a broad 


Fig. 271 . — Pfumandla au$* 
traXiB Qmel., Australia. 


median appendage. Devonian . Prindpal genera : Neri- 


Uyptis (one recent species), NaHeoptis (Devonian to Miocene). 
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Fam. . 8. Madvritidae . — Shell diacoidal, whorls few, loogi* 
tudinallf grooved behindj right side convex, de^ly umbilicst^, 
1^ side ; operculum very thick, nucleus excentrical, internal 
face with two apophyses, one very larga The genmsi appearance 
is more that of an inequivalve bivalve, 8u<fe as Seqmenia, than of 
a spiral gasteropod. Palaeozoic Sin^e genus, Maelurea. 

Fam. 9. Neritidae . — Snout short, tentacles long, eyes pedun- 
culate at their outer base, branchia triangular, free at the front 
end, epipodium without cirrhi, penis near the right tentade; 
shell solid, imperforate, turbinate to almost patelliform, spire 
short, internal partitions absorbed (p. 168), columellar region broad, 
edge simple or dentate, operculum calcareous, spiral or nrm-spiral, 
with prominent apophyses on the interior face, one of which locks 

behind the columellar lip. Jurassic Principd genera : 

Nerita (Fig. 13, p. 17); Neritina (chiefly brackish water and 
fluviatile), sub -genus Clithon, usually coronated with epines; 
Vdatea (Tertiary), Neritoma (Jurassic), Deianira (Creta^us), 
Septaria ( = Navwdla), shell more or less narrowly patelliform, 
with terminal apex, aperture very large, with a broad columellar 
septum, operculum too small for the aperture, more or less 
covered by the integument of the foot ; fluviatile only ; PUedva. 
Jurassic to Cretaceous). 

Fam. 10. Sydrocenidae . — Branchia replaced by a pulmonary 
chamber, eyes at the outer base of the tentacles, marginals of 
the radula very oblique, centrals often wanting; shell small, 
conical, whorls convex, operculum calcareous, with a prominent 
apophysis. Eecent. Principal genera ; Hydrocvna, Oeoriasa. 

Fam. 11. Hdidnidae . — ^Branchia replaced by a pulmonary 
chamber, heart with one auricle ; shell globular, with a short 
spire, internal partitions absorbed ; operculum without apophysia 

Carboniferous Principal genera : Sdieina (Fig. 18, B, p. 

21 ; subg. Mcadia, Schasicheila, Sevdda, Ccdybium), PkOroehateUa 
(subg. ImeideUa), Stoastoma, Bowrcieria, Datosondla (Carboniferous). 

Fam. 12. Proaerpinidae . — Branchia replaced by a pulmonary 
chamber, mantle partly reflected over the diell, eyes sessile ; shell 
depressed, discoidal, columella folded or truncated at the base, 
whorls with one or more internal plicae, internal partitions 

absorbed, no operculum. Eocene . Single genus ; Plotter- 

pina, subg. Proaerpindla, Cyam, IHmorphoptyekia (Eocene), and 
Ctra (Fig. 18, C, p. 21). 
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Sab'flordsr IZ. lEoiu»toeardia.-^Heart with «ae aurkk, one 
ctBaMiam (the left), mon<qpecti]mte, foeed with the mantle 
(exo^ in Valvaid), one kidney, not receiving the gmtital 
products, nervooB system somewhat concentrated, ^boscis and 
penis usually present. 

(a) Ptbkooiossa. — S adola with formula 00 . o. 00, teeth 
similar throughout, outomost largest (p. 224 ). 

Fail 1. lantAinidae.-— Snout prominent, blunt, no eyesi shell 
heUooid, fragile, bluish, no operculum ; eggs carried on a raft of 
vesicles attached to the foot (Fig. 42, p. 126). Pelagic only. 
Pliocene Genera : lanthina, Bediuiia. 

Fak. 2. Secdariidae . — Shell long, turriculate, whorls often 
partly uncoiled, with longitudinal ribs and prominent lamellae, 
aperture circular, operculum spiral, corneous, animal carnivorous. 

(Movidan Principal genera; Scalaria, Eglisia, Ma$~ 

monewra (Silurian), HolopMa (Silurian to Trias), Adis. 

(V) Taenioglossa. — Badula with normal formula 2.1.1.1.2, 
marginals sometimes multiplied (p. 223). 

Section I. Plattpoda. — Foot more or less flattened ventrally. 

Fam. 1. Hatieideie . — Foot very large, produced before and 
behind, propodium reflected upon the head, eyes absent or buried 
in the integument, central and lateral tooth of the radula tri- 
cuspid, middle cusp strong ; shell globular or auriform, outer lip 
simple, operculum corneous or calcareous, nucleus exoentricaL 

Carboniferous . Prindpal genera; Natica, with many 

sub-genera ; AmpvUina (Tertiary) ; Amavra ; Deduvystia (Ter- 
tiary) ; Bigaretus (Fig. 91, p. 186), shell auriform, last whorl very 
large, operculum much too small for the aperture. 

Fam. 2. LameUariiiae . — ^Mantle reflected over more or less 
of the shell, shell delicate, no operculum. Eocene . Prin- 

dpal genera : Lamdlaria, shell completely internal, transparent, 
auriform ; some species depodt their ^gs on compound Ascidians 
(p. 74); VdiUina, shell almost entirely extmial, paudspiral, 
with a thick periostracum ; MarsemiM, shell auriform, partly 
internal ; Onehidiopsis, shell a membranous plate, intemaL 

Fam. 3. Trickotropidae . — Branchial siphon diort, eyes on 
the outer side of the tentacles ; radula dosely allied to that of 
VdutiiM; shell conicd, last whorl rather large, periostracum 
thick and hau7, qperculum blunt daw-shaped, nudeus terminal 
Cretaceous Genera: Triehoiropis, Tordlia. 
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Fam. ; 4. Narieidm. — Tentacles broad in the middle, with 
sessile eyes at the exterior base, propodium narrow, quadrangular, 
a large epipodial veil on each side of the foot ; shell naticoid, 

cancellated, with velvety periostracum. Jurassic Single 

genus ; Narkcu 

Fam. 6. Xenophoridae, — Foot divided by a groove, anterior 
portion the larger ; central tooth heart-shaped, with blunt cusps, 
lateral large, roughly triangular, marginals long, falciform ; shell 
trochiform, somewhat flattened, attaching various fragments 

externally. Devonian . Single genus, Xemphora (Figs. 

26, 26, p. 64). 

Fam. 6. Capvlidae, — Ctenidiura deeply and finely pectinate, 
visceral sac scarcely spiral, penis long, behind the right tentacle ; 
shell roughly patelliform, with scarcely any spire, interior 
polished, usually with a septum or internal plate of variable fonn, 

no operculum. Devonian . Principal genera (Fig. 165, 

p. 248); shell cap-shaped, no internal plate ; Platyceras 

(Palaeozoic, see p. 76), Biaphorostoma (Palaeozoic), Addiaonia 
(?) ; Crv4^ibulum, internal appendage funnel-sliaped ; Crepidvla, 
(including Crepipatella and Ergaea), shell 

♦ slipper - shaped, with a large septum ; 

Calyptraea (including Galerus and Tro- 
chita), internal lamina semi-spiraL 

Fam. 7. Hipponycidae , — Foot aborted, 
animal sedentary, adductor-muscle shaped 
like a horse’s hoof, fastened on the ven- 
tral side to the region of attachment, or 

Fia 272.-TWO specimens of *0 a thin calcareous plate which closes 
CTf^via (marked a and the ax)erture like a valve ; ventral side of 
the lx>dy surrounded by a mantle with 
papillose border, which corresponds mor- 
phologically to the epipodia, head emerging between the dorsal 
and ventral mantles. Shell thick, bluntly conical, surface rugose. 

£ocene . Genera ; Hipponyx ; Mitrvlaria, a narrow half 

funnel-shaped appendage within the shell 

Fail 8. Solariidae . — Foot large, eyes sessile, near the outer 
base of the tentacles, radula abnormal (p. 224) ; shell more or less 


depressed, lip simple, umbilicus wide, margins often crenulated, 
operculum variable. The proper position of the family is quite 
uncertain. Ordovician——. (1) Solariinae, Genera; 



aciv 


MONOlrOCARDiA — TAEKIOGLOSSA 


413 


Hum, shell depressed, highly finished, angular at periphery, 
operculum corneous, central tooth 
absent, laterals and marginals num- 
erous, long, and narrow; Flatyschisma 
(Silurian)* (ii.) ToHniinae, Genera : 

ToHnia, whorls usually rounded, 
operculum (Fig. 183) conically ele- 
vated, spiral externally, central tooth 
present, marginals few, edge pecti- 
nated; OmcUaxis. (iii.) Euompha- 
linae, shell planorbiform, whorls 
rounded. Genera: Euomphalus, Ophi- 
leta, Schizostoma, Eccyliomphalus 
(all Palaeozoic). 

Fam. 9. HomalogyHdae. — Tentacles absent, eyes sessile, 
central tooth unicuspid on a quadrangular base, laterals and 
marginals replaced by an oblong plate ; shell very small, planor- 
biform. Recent. Single genus : Homalogyra, whose true position 
is uncertain. 

Fam. 10. LittoHnidae, — Proboscis short, broad, tentacles 
long, eyes at their outer bases, penis behind the right tentacle ; 
reproduction oviparous or ovoviviparous, radula very long ; shell 
turbinate, solid, columella thickened, lip simple, operculum corne- 
ous, nucleus excentricaL Jurassic . Principal genera: 

LittoHna (raduhi, Fig. 16, p, 20), Cremnoconchus (p. 16), Fos- 
saHna ; TectaHu$, shell tuberded or spinose ; Bisella, base slightly 
concave ; Lacuna, shell thin, grooved behind the columellar lip. 

Fam. 11. FossaHdae . — Shell turbinate, solid, small, white, 

spirally ribbed, outer lip simpla Miocene . Principal 

genus, Fossarus. 

Fam. 12. CydophoHdae , — Ctenidium replaced by a pulmon- 
ary sac, tentacles long, thread-like (radula. Fig. 17, p. 21); 
shell variously spiral, peristome round, often reflected, operculum 

circular. Terrestrial only. Cretaceous . (i) Pomaiiadnm, 

shell high, conical, longitudinally striated, operculum consisting 
of two laminae united together. Single genus, Pomatiac, (iL) 
Diplommatininae, shell more or less pupiform, peristome thick- 
ened or reflected, often double. Genera ; IHpIl^matina (subg., 
Mcida, Palaina, Paxillus, Annia), shell dextral or ainistral, 
small, columella often denticulated ; OpisihoBtoma (Fig. 208, p. 
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309), la^ whorl disconnected, often reflected back npm the 
spire, (in.) JPupinime, shell more or less lustrous, blundy 
conical, % with a channel aboTe or below. Genera : Pupiim 
(subg. JSe^tofna^ CaUia, Streptaulus^ Pupinella, Amtdus), Hpkh 
cystis (Fig. 205, p. 305), Catauhis, Coptoehilus, Meyalimasioma. 
(iv.) Cyel^phorirme, shell turbinate or depressed, operculum corne- 
ous or calcareoua Genera : Alycaem, Craspedopoma, lAptopomui 
LctffochUm, CyclopJiorus (Fig. 206, p. 306 ; including Diadema, 
Aulopoma, Ditropis, and others), AperoaUyma (including Cyrtatoma 
and others), Cyathopoma, Pterocyeltis (subg., Myxostoma, Spira^ 
ctdum, Opisthoporus, and Rhiostoma (Fig. 180, p. 266), Cydotus, 
Cyclomms, and Strophostoma. 

Fam. 13. Cyclostomaiidde . — Ctenidium replaced by a pul- 
monary sac, tentacles obtuse, foot with a deep longitudinal median 
groove ; central tooth, lateral, and first marginal more or less 
bluntly cusped, second marginal large, edge pectinate; shell 
variously spiral, spire usually elevated, 
Jfk aperture not quite circular; operculum 

generally with an external calcareous and 
Mr l.i &n internal cartilaginoid lamina, rarely 

corneous. Terrestrial only. Cretaceous 

. Genera : Cyclostarna (subg., 

Leonia, Tropidophora, Rochebrunia, 
Fia 274 . — earn- Georgia, Otopoma, lAtkidimh, Revoilia), 
paiudatum Pfr., Mada- Cydotopsis, ChoaTiopoma (subg., Jjicina, 
Jamaicia, Ctempoma, Diplopoma, Adam’- 
ddia), Cistvla (subg., Chondropoma, Tvdora), Omphaiotropis (subg., 
Realia, Cydamorpha), Hainesia, Acroptychia, 

Fam. 14. Acicviidae , — Cteuidiam replaced by a pulmonary 
sac, tentacles cylindrical, pointed at the end, eyes behind their base, 
foot long and narrow; central tooth and lateral very similar, pinched 
in at the sides, external marginal broad, edge finely pectinate ; 
shell small, acuminate, with a blunt spire, operculum corneous. 

Terrestrial only. Tertiary . Genm, Actctda (=:Acm€). 

Fam. 1 5. TruneateUidae . — Ctenidium replaced by a pulmonary 
sac, proboscis very long, eyes sessile, behind the base of the 
tentacles, shell small, evenly cylindrical, apex truncated in the 

adult. Eocene . Genera ; Truneatdla (subg., Tdkdtia, 

Mw/^ordia, and Tomichia), Oeomdanid (subg., ChMyrn and 
Mandidla), Ceeina (?). 
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Fam. 16. Mmidae . — .Eyes at the extenud baae of 
tentacle^ epipodiom mth filamenb^ operculigerous lobe with 
appendages ; oentnd tooth pleated at tiie basal angles, latmal 
large, bluntly multicuspid, marginals long, narrow, denticulate at 
the edge; shdl small, acuminate, often daborately sculptured, 
mouth entire or with a shallow canal, operculum corneous. 

Marine or brackish water. Jurassic Principal genera ; 

Mnoa (subg., Folinia, Onoiba, Alvania, (Hngvla, Nodvhu, Anaba- 
thron, FeneUa, Iravadia, and others), Scalida (shell agglutinating 
fragments of sand, etc.), Bissoina (lip thickened, operculum with 
an apophysis as in Nerita), Barleeia, Faryphostomi (Eocene). 

Pam. 17. Bydrobiidae. — Eyes at the outer base of the 
tentacles, penis behind the right tentacle, prominent, opeiculi- 
gerous lobe without filaments; radula rissoidan, central tootii 
often with basal denticulations ; shell more or less acuminate, 
small, aperture entire, operculum corneous or calcareoua Brackish 

or fresh water. Jurassic . Principal genera: Baiealia,-mth 

its various sub-genera (p. 290); PomoHopsis, Hydrobia, BithyneUa, 
Micropyrgva (Tertiary), Fyryvla, Emmtrida, Benedictia, Litho~ 
glyphvs, Tanyavyieia, Limnotroehiu (?), Jidlienia, Pachydrtibia, 
PaUmapyryv*, Littorinida, Amnicola, IJuminieola (subg., OiUia, 
Somatogyrus), Bithynia, Fossarulus (Tertiary), Stenothyra. 

Fau. 18. Asaimineidae. — Ctenidium replaced by a pulmonary 
sac, no true tentacles, eye-peduncles long, retractile ; radula that 
of Hydrobia ; shell small, conoidal, operculum corneous, nucleus 
sub-lateraL Eocene . Genera : Assiminea, Acmella. 

Fam. 19. Skeneidae. — ^Badula resembling that of Hydrobia, 
shell very small, depressed, widely umbiiicated, op^ulum 
corneous. Pleistocene — Single genus, Skenea. 

Fail 20. Jejreysiidae. — Mantle with two pointed ciliated 
appendages in front, tentacles ciliated, eyes sessile, fisir behind 
the base of the tentacles ; marginal teeth sometimes absent ; 
shell small, thin, pellucid, whorls rather swollen, operculum with 
marginal nucleus, divided by a rib on the inner fsca Becent. 
Genera : Jeffr^foia, Hardama. Marine, living on algae. 

Fam. 21. Id^opidae. — ^Epipodium with cirrhi on eatdi side, 
operculigerous lobe with appendages; radula rissoidan; shell 
smidl, conical, column truncated, operculum comeoua Eocene 

Genera : HHopa, living on the Sargasso weed, suspmided 

ly a long filament ; AUba, Diala. 
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Fax. $2. Aieorbidae. Badula essentiaUy rissoidui; dadi 
depressed,: drcular or auriform, widely umbilieated, opeiealniB 
oomeouB,. paadspiral, nucleus excentricaL Pliocene*-—-. 
Principal genera : AdeorUt, SUnotia, Megalomphalm. 

Fax 23. VivipoHdae . — Snout blunt, tentacles long, right 
tentacle in the male deformed, pierced with a hole correq)onding 
to the aperture of the penis, two cervical lobes, the right bemg 
siphonal, foot with an anterior transverse groove ; teetii broad, 
shallowly pectinate at the ends ; shell turbinate, whdrls more at 
less rounded, aperture continuous, operculum ccHmeous, nucleus 
sub-lateral, with a false sub-central nucleus on the external face. 

Animal ovoviviparoua Freshwater. Cretaceous Genera: 

Vwipara (—Faludina), subg., Cleopatra, Mdantho, Tvlotoma; 
Tj/lopoma (Tertiary), and lAoplaa. 

Fah. 24. Valvatidae . — Branchia exserted, bipectinate, carried 
on the back of the neck, a filiform appendage (Fig. 66, p. 169) on 
the right of the neck, penis under the right tentacle, prominent, 
eyes sessile, behind the tentacles ; radula like that of Vivipcura ; 
shell small, turbinate or flattened, operculum corneous, nucleus 
central Fresh water. Jurassic . Single genus, Valvata. 

Fax 25. Ampullariidae . — Snout with two tentacles, tentacles 
proper very long, tapering, eyes prominently pedunculate, two 
cervical lotes, the left siphoned, respiratory cavity divided by a 
partition, a large branchia in the right chamber, the left func- 
tioning as a pulmonary sac (Fig. 65, p. 158); radula large, 
central tooth multicuspid, base broad, lateral and marginals falci- 
form, simple or bicuspid ; shell large, turbinate or flattened, spire 
small, whorls rounded ; operculum generally corneous, nucleus 
sub-lateral, fltlse nucleus as in Vivipara. Fresh water. Greta- 

oeons . Single genus AmpvUaria (subg., Ceratodes, Paohy- 

Idbra, Aaolene, Lanistea, and Mdadomua). 

Fax 26. Cerithiidae . — ^Branchial siphon present, short, eyes 
variaUe in position ; central tooth small, evenly cusped, lateral 
ludlowed at base, multicuspid, marginals narrow; shell long, 
tnrriculate, whorls many, generally tuberculate, varicose or cfpiny, 
aperture sometimes strongly channelled; op^ulum corneous, 
snh-cireular, nndeus nearly central Marine or brackish water. 
IVias — M-v Principal genera : Triforia, shdl small, generally 

ainistral; FaaUgidla, CtrUhivm (Fig. 12,' p. 16X Pota- 

nudes (subg., Tympawdonata, Pyrama, PirenaUa, Taleaeopitm, 
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Cmithidea, tampmia, all bTEckish water), JHastoma (Eocene), 
CerUhiopsis; Ceritella (Jurassic), JBrmhytrema (Jurassic), and 
PlancixiB (subg., Qnuoyia and Holcosiama). 

Fam. 27. Modvlidcbe . — No siphon, radula of Cerithivm; shell 
with short spire, columella strongly toothed at the base, aperture 
nearly circular. Becent. Single genus, ModvluB, 

Fam, 28. Nerineidae. — Shell solid, long sub-cylindrical, aper- 
ture channelled, columella and interior of whorls with continuous 
ridges, extending up the spire. Genera : NeriTim (Trias to 
Cretaceous), Aptyxiella (Jurassic). 

Fam. 29. Melaniidde. — Border of mantle festooned, foot broad, 
with an anterior groove, penis present ; radula closely resembling 
that of Cerithium ; shell long, spiral, with a thick periostracum, 
surface with tubercles, ribs, or striae, suture shallow ; operculum 
corneous, paucispiral, nucleus excentricaL Animal 

ovoviviparous. Fresh water. Cretaceous . 

Principal genera : Melania (with many sections or 
sub-genera), PachychUus, Claviger ( = Vihex)^ Hemi- 
sinus, Pirena, Melanopsis, Tiphohia, Paludomm 
(subg., Philopotamis, Tanalia, Stomatodon), Hant^ 
kenia (Eocene), Larina (?). 

Fam. 30. Pleuroceridae. — Mantle edge not 
festooned, no copulatory organ, otherwise like 
Melaniidae ; operculum with nucleus sub-marginaL 

Animal oviparous. Fresh water. Cretaceous . 

Creuera: Pleurocera (including /o, Fig. 12, p. 16, 

Angitreina, Lithasia, Strephobas-is), Goniobasis, Ancu^ Ceylon. ° ^ 
lotus, Gyrotoma, 

Fam. 31. Pseudomelaniidae. — Shell resembling that of 
Melaniidae, but marine. Genera: Pseudomelania, Loxomma, 
Bourgnctia, Macrochilus. Palaeozoic to Tertiary strata. 

Fam. 32. Turritellidae. — Mantle witli a siphonal fold on the 
right side ; radula variable (p. 224); shell long, whorls many, 
slowly increasing in size, tranveraely ribbed or striated, apei*- 

ture small; operculum corneous, nucleus central. Jurassic . 

Principal genera : Turritclla, Mcsalia, Protoma, Mathilda (?). 

Fam. 33. Coeeidae, — Tentacles long, eyes sessile at their base ; 
shell small, spiral in the young fi»nn, spire genemlly lost in the 
adult,thc sliell liecomiiig simply a straight or curved cylinder; oper- 
culum corneous, mxdtispiml. ;^ene . Single genus, Coceum, 

VOL. HI 2 s 




41 8 MONOTOCARDIA — TAENIOGLOSSA chav. 


Fam, S4. Vermetidae. — Visceral sac greatly produced^ 
no copulatory organs (raduk, Fig. 126, p. 
223), shell tubular, irregularly coiled, last 
whorls often free, aperture circular; operculum 
corneous, circular, nucleus central Carbo- 
niferous Principal genera : Vermetua ; 

Siliquaria (Fig. 163, p. 248), a long fissure, 
or series of holes, runs along a considerable 
part of the shell, operculum with outer fece 
spiral, elevated. 

Fam. 35. Strombidae. — Foot narrow, arched, 
metapodium greatly produced, snout long, eye 
peduncles long, thick, eyes elaborate, siphon 
short, penis prominent, bifurcate; central tooth 
with strong median cusp, marginals falciform, 
slender, edge more or less denticulate; shell 
solid, spire conical, outer lip generally dilated 
into wings or digitations, channelled before and behind, a labial 
sinus at the base, distinct from the anterior canal; operculum small 

for the aperture, corneous, claw-shaped, edge notched. Lias 

Genera: Sirombm (Fig, 99, p. 200); Fereiraea (Miocene), 
PteroceroB (Fig. 277 ; digitations of the outer lip very strong), 
Roatdlaria (spire produced, anterior canal very long), Mmella, 
Fterodonta, Terehellum (base of shell truncate, spire short). 

Fawl 36. Chenopodidae { = Aporrhaidae), — Foot flat; lateral 
and marginal teeth not denticulate; shell resembling that of 
StrovihuB, outer lip dilated, wing-Hke, no labial sinus. Jurassic 

. Genera : Chenopus ( = Aporrhaia), Diastema, Malaptera, 

Harpagodea, Alaria (last four from Secondary strata). 

Fam. 37. Struthiolariidae, — Badula allied to that of Stromiua, 
marginals occasionally multiplied; shell buecinoid, very solid, 
outer lip thickened, canal short, operculum claw-shaped, notched, 

nucleus terminal. Tertiary . Single genus, Struthiolaria 

(subg., PerisaodoTUa, marginal teeth multiplied). 

Fam, 38, Cyprueidae, — Mantle with two large lateral lobes 
reflected and meeting over the shell, siphon small ; central and 
lateral teeth bluntly tricuspid or multicuspid, laterals fairly 
broad, edges cusped or finely i>ectinttte; sliell j)olislied, solid, 
spire generally concealed in the adult or overlaid with enamel, 
uj^rture straight, narrow, nearly as long as the shell, toothed at 


irregularly spiral, 



Fia, 276. — Develop- 
ment of Ooecum : A, 
ahowiug the gradual 
formation of septa ; 
a, apex ; ap, aper- 
ture ; S8, first sep- 
tum ; s's', second 
septum. (After de 
Folin.) B, adult 
form of C. eburmum 
Ad., Panama, x 10. 
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the sides, channelled at each end, labium inflected; no opercaluia. 

Jurassic-^ . Oenera : Ovvla (including AmpJidpenu, Train- 

aovla,. Cypkoma, Badim, Simma), Pedieidaria, Cyprcua (with 
Bubg.,. Cypraeavvla, Cypraedia, and Trivia), and Ilrato. 

Fam. 39. Doliidae . — Foot expanded, wider and longer than 
tlie shell, trimcated and thickened in front, siphon very long and 
narrow ; central tooth with very strong median and small lateral 



Fig, 277. — Three stages in the growth of PtmHxras rugosum Sowb., E. Indies, 
allowing the development of the ' fingers/ 


and basal cusps, lateral and marginals bluntly falciform ; shell 
ventricose, without varices, spire shtvrt, outer lip generally simple, 

anterior canal rather wide, no operculum. Cretaceous . 

(lenera: Bolium (subg. Malm, outer lip thickened, denticulate, 
reflected) ; PiriUa, mantle with two lateral lobes reflected over 
jiart of the shell, shell fig-shaped (Fig. 278). 

Fam. 40. CamdvUut . — Foot broad, siphon long (radula, Fig. 
125, p. 223); shell ventricose, with varices, spire short, outer 
lip leflected or thickened, anterior uutal short, reciuwed nan'ow; 
ojaa-culum semilunar, with ribs rotliating fi'Oia a marginal 
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nucleus. Cretaceou s ^ % Genera: Ca$m (subg. SemkamB 

and Cyprmc(miB\ Morio ( = CoBsidaria^ Oniscia. 

Fam. 41. Cohmbellinidae — Shell solid, ribbed, usually 
cancellated, with an oblicpie posterior canal, columella callous, 
more or less reflected. Genera: ColumheUina, Columhellaria, 
Zittelia, Petersia, Alariopm (?). Secondary strata only. 

Fam. 42. Tritonidde. — Foot short, narrow ; siphon short, not 
prominent; radula allied to that of Cassididae; shell thick, 
varicose ; outer lip inflected and thickened, canal long, perios- 
tracum often thick and hairy, operculum 
corneous, nucleus terminal or sub-marginaL 

Cretaceous Genera : Triton (Fig. 191, 

p. 275 ; subg., Epidromus^ Plesiotritony Sim- 
pnlum, Banularia, Argohuccinum ) ; Personay 
aperture toothed, narrow ; columella reflected 
upon the last whorl; Randla, shell dorso- 
ventrally compressed, generally with two con- 
tinuous lateral varices, posterior canal present. 

The position of the following four families 
is doubtful : — 

Fam. 43. Oocorythidae . — Siphon short, 
foot broad, eyes absent, radula taenioglossate ; 
Fig. 278.— Ptrtt/a thu- shell buccinoid or cassidiform, operculum cor- 
pmes. X J. neous, spiral. — Eecent. Single genus, Ooeorys, 

Fam. 44. Suhulitidae , — Shell elongate, 
fusiform, smooth ; suture shallow, base truncate or rounded, 
aperture channelled or notched. Ordovician to Trias. Genera : 
SuhuLites, Fusispiray Ev^hrysallis. 

Fam. 45. Seguenziidae , — Kadula taenioglossate, shell trochi- 
form, aperture channelled, columella twisted, operculum multi- 
spiral, nucleus central. Pliocene . Single genus, Seguenzia. 

Fam. 46. Choristidae , — Anterior tentacles united by a frontal 
veil, posterior simple ; eyes absent, foot with tentaculae before and 
behind ; three central teeth, outer marginal with a basal plate ; 
shell helicoid, suture deep, peristome continuous, operculum 
corneous, paucispiral. Pliocene . Single genus, Choristes. 

Section II. Heteropoda. — Foot fin-shaped, not flat. 

The Heteropoda are free-swimming Mollusca, being, like the 
Pteropoda, Gasteropoda modified to suit their jHjlagic environ- 
ment. Their nervous system is streptoneurous, and they are 
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therefore probably derived from the Prosobranchiata, but they 
are highly specialised forms. Felseueer considers them far more 
widely removed from the Streptoneura than the Pteropoda are 
from the Euthyneura. They swim on the surface upside down," 
i,e. with the ventral side uppermost. 

The tissues and shell are transparent, permitting observation 
of the internal organs. In the Pterotrachaeidae the foot takes 
the form of a fan-shaped disc, usually furnished with a sucker. 
The body is compressed at the posterior end, often with a ventral 
" fin.” In Atlanta the foot consists of three very distinct parts : 
a propodium, a mesopodium, on which is a small sucker, and a 
metapodium, which carries the operculum. The branchic^ are 
carried on the visceral sac, and are free in Pterotrachaea^ slightly 
protected by the shell in Carinaria, and entirely covered in 
Atlanta ; absent altogether in Firoloida. 

The head carries two tentacles (except in Pterotrcuihaea), with 
large, highly organised eyes on short lobes at their outer base. 
The alimentary tract consists of a long protrusible proboscis, 
with a taenioglossate radula (Fig. 132, p. 227), a long oesophagus, 
and a slightly flexured intestine. In Atlanta the visceral sac is 
spiral and protected by a spiral planorbiform shell ; in Carin- 
aria the visceral sac is small, conical, protected by a very thin 
capuliform shell. There is no shell in Pterotrachaea or 
Firoloida, 

The Heteropoda are dioecious. In the male there is a 
flagellum behind the penis, which is near the middle of the right 
side. Pterotrachaea lays long chains of granular eggs, and has 
been noticed to produce a metre’s length in a day. The eggs 
of Atlanta are isolated. The embryo has a deeply bilobed 
velum. 

Fam. 1. Pterotrachaeidae. — Body long, with a caudal “ fin ; ” 
branchiae dorsal, free or partly protected by a shell ; foot consist- 
ing of a muscular disc, with or without a sucker. 

Pterotrachaea proper has no mantle, shell, or tentaclea The 
branchiae are disposed round the visceral sac, at the upper part 
of which is the antis. In Piroloida the body is abruptly trun- 
cated behind, with a long filiform segmented caudal appendage ; 
visceral sac at the posterior end : fin-sucker present or absent in 
both male and female. Cardiapoda resembles Carinaria, but the 
visceral sac is more posterior and is only slightly protected by 
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a very imiall spiral shell Carimria (Fig. 279) has a rugose 
translucent skin, visceral sac sub-median, apparently x>^uncii- 
lated, covered by a capuliform shell. The larval shell, which 
persists in the adult, is helicoid 

Fam. 2. Atlantidde , — Shell spiral, operculate, covering the 

animal Branchiae in a 
dorsal cavity of the mantle ; 
foot trilobed, with a small 
sucker on the mesopodium. 

The shell of Atlanta is 
discoidal and sharply keeled, 
while that of Oxygyrus is 
nautiloid, with the spire 
concealed, no keel, apertui^e 

Fig. 279.— Cannoria mediUrranea Lam., Naples; 

«, anus ; hr, branchiae ; /, foot ; t, intestine ; 

TO, month ; p, penis ; a, sucker ; ah, shell ; t, (c) GYMNOGLOSSA. Ea- 

tentacies. x absent ; pro- 

boscis prominent, sexes probably separate, penis present. The 
section is probably artificial and unnecessary, the families com- 
posing it being, in all probability, Taenioglossa which have lost 
their radula in consequence of changed conditions of life (pp. 
79, 225). 

Fam. 1. Eulimidae , — Proboscis very long, retractile, mantle 
forming a siphonal fold ; shell small, long, subulate, polished ; 
suture shallow, aperture continuous, operculum present or absent. 
Animal often parasitic, sucking the juices of its host by its long 

proboscis. Trias . Genera : Evlima (subg. Svbularia, Arcu- 

ella, Apicalia, Mucroncdia, Stiliferina, and others), Stilifer, 
Scalemstoma, Niso, and Hoplopteron, 

Fam. 2. Pyramidellidae , — Tentacles auriform, proboscis as in 
Eulimidae, a prominent mentum or flap under the buccal orifice ; 
shell usually small, conical ; suture shallow, apical whorls (the 
embryonic shell) sinistral (p. 250), operculum corneous, pauci- 

spiral; nucleus exoentrical Trias . Genera: Pyramid 

della (subg. Syrmla, Otopleura, Chrysallida, Mumiola), Odostomia, 
Evlimella, Murchiaonidla, Tmbonilla (subg. Dunkeria and 
Cingvlivu). 

(d) Rachiglossa (j). 220). — Proboscis long, retractile ; siphon 
distinct, radula without uncini, sometimes without, lateitds; teeth 
strongly cusped ; shell generally wholly extenial 
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Fam. 1. Mwiddac — Eyes sessile at the outer base of the 
tentacles, penis large, behind the right tentacle, radula within 
the retractile proboscis, central tooth (Fig. 119, p. 220) with at 
least three strong cusps, laterals plain ; shell solid, more or 1^ 
tuberculate, spiny and varicose, anterior canal varying from a 

mere notch to a long channel. Cretaceous Principal 

genera; (i) Muriciiuie, nucleus of operculum sub-terminal; Traphon^ 
Typhia, Murex (with many subdivisions), Ocindfra (including 
Cerasioma, Vitvlaria, and HadHania), Uroaalpmx, Evplewra, 
Pamdomurex, (ii) Pwrpurinaua, nucleus of operculum lateral; 
BapaTta (including Latiaxia), Pwrpwra (with subg. Cvma, lopaa, 
Vexilla, and Pinaxia), Momceroa (including Chorua), Pwrpv/roidea 
(Secondary strata), Pentadactylua, Siatrum, Concholepaa, 

Fam. 2. CorcdliophUidae. — ^Animal living in Madrepores, 
resembling Purpura, radula absent ; shell variously shaped, often 
deformed or tubular, operculum that of Purpv/ra, if present. 

Miocene Principal genera: BhizochUua, CoralliophUa, 

Leptoconehua, Magilus (Fig. 29, p. 75), Bapa. 

Fam. 3. Columhdlidae. — (Radula, Fig. 123, p. 222.) Shell 
small, solid, fusiform, aperture narrow, canal short, outer lip 

thickened. Miocene . Single genus, Columbdla (subg., 

Nitiddla, Anachia, Meta, Stromhiua, Atilia, Conidm, Amphiaaa, 
Mitrdla, and others). 

Fam. 4, Ndaaidae. — Foot long and broad, often with terminal 
appendages ; siphon long, eyes on outer base of tentacles, central 
tooth of radula arched, multicuspid, lateral strongly bicuspid, 
with small denticles between the cusps ; shell rather small, buc- 
cinoid, columella more or less callous, outer lip thickened, often 
toothed ; operculum corneous, edges often toothed. Miocene 

. Principal genera : Nasaa (with many sections), 

Amycla, JDeammdea, Cydonasaa, Canidia (subg. Clea and Naa- 
sodorUa), Doraanum, Bvllia Bvxciuanops, Fig. 62, p. 155), 
Trwnxaria, 

Fam, 5. Buccinidae. — Siphon rather long, eyes at outer base 
of tentacles ; central tooth of radula with 5 to 7 cusps, laterals 
bicuspid or tricuspid (Fig. 118, p. 220); shell more or less fusi- 
form, thick, covered with a periostracum, canal of varying length, 
outer lip simple or thickened ; operculum corneous, nucleus vari- 
able in position. Cretaceous Principal genera : Group 

i Chryaodomua (with sections Neptunea, VbltUopaia, Pyrolo/uaua, 




424 


MONOTOCARDIA — RACHICLOSSA 


CHAV, 


Jutnala), mhg, Sipho ; Sipliomlin (aubg. Kdletia), Group iL 
Liommis { 9 =^ Buceimpsis). Group iii Buceinum (Fig. iB, p. 6; 
subg. Volidharpa, Neobuccinum), Group iv. ComineUa, Triiof^ 
idea^ Pimnia, Euthria; Anura (Mioceue), 
Genea (Pliocene )> Metvla^ EnginiiCL Group v. 
P/M>a, HiTidsicL Group vi. IHpsaccua (« 
Eburna), Matron. Group vii* Fsendoliva. 

Fam. 6. Turbinellidae . — Central tooth 
of radula tricuspid, median cusp strong, 
lateral bicuspid, cusps unequal (Fig, 117, 
p. 220); shell fusiform or pear-shaped, 
heavy, canal often long, operculum corneous, 
claw -shaped, nucleus tenuinal. Miocene 

Principal genera : Turhinella, Cyno- 

donta, Tvdicla (subg. Streptosiphon); Piropsis 
(Cretaceous), Perissolax (Cretaceous), Strep- 
Fia. ^SQ.—Turbinelia pyr* siduTd (Eocene, subg. Whitney a\ Melapium^ 
Urn., Ceylon, x = Bmycon, Fig. 150, p. 249, in- 

cluding Sycotypm)y Melongena (subg. Pugilina, Myrisiua)] Lio- 
storm (Eocene), Hemijasus (subg. Megalatractus), Ptychatractus, 
Meyeria. 

Fam. 7 . Fcmiolariidae. — Eyes at the outer base of the tenta- 
cles (radula. Fig, 121, p. 221); shell 
fusiform, spire long, canal often very 
long, columella often with a fold at 
the base ; operculum corneous, nucleus 

terminal. Cretaceous . Principal 

genera; Fusits (including Sinistrcdia, 

Aptyxis, Troschelia), with subg. Serri- 
fusm (Cretaceous), ClaveUa (subg. 

Thersltes), Fasciolaria, Latirus (subg. 

Polygons, Perist^rnia, Lcucozonia, 

Lagena ; Mazzali'rm (Eoctme), Chascax). 

Fam. 8. Mitridm , — Siphon rather 
long, with anterior appendages, eyes 
on the side of the tentacles, proboscis 
very long ; radula variable, laterals Ffo. Latirm (Leucozonia) 
sometimes lost (Fig. 120, p. 221); Wood, Panama, 

shell fusiform, .solid, spire more or less ])ointed, columella with 
several prominent folds, the posterior the largest, ajierture rather 
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luuTow, no operculum. Cretaceous- 
Mitm (with many sections), subg. Strigatella, 

Mitreola, Mutyca, JHbapJius; Floehdaea (Ter- 
tiary), Theda; Turricvla (with several sec- 
tions), CylindTomitra^ and Imhriearia. 

Fam. 9. Volutidae. — Foot broad in front, 
head laterally dilated into lobes, on which are 
placed the sessile eyes ; siphon prominent, with 
apx>endage8 at the base (radiila, Fig. 122, 
p. 221); shell thick, often shining, fusiform, 
globular or cylindrical, columella projecting 
anteriorly, with several folds, the anterior of 
which is the largest, aperture notched, canal 
not produced, operculum generally absent. 

Cretaceous . Principal genera : Crypto- 

chorda (Eocene), Zidona, Provocator^ Gidvillea, 

Yetm ( = Oymhium), Voluta (with many sections) ; Volutolithes 
(chiefly Eocene), Volutolyria, Lyria^ Enaeta, Volutomitra, 

Fam. 10. Marginellidae. — Foot broad, siphon without ap- 
pendages, mantle largely reflected over the shell ; radula without 
laterals, central tooth comb-like, cusps rather blunt ; shell oval 
or conoidal, polished, aperture narrow, outer lip 
thickened, columella with many folds ; no oper- 
culum. Eocene . Principal genera : Mar- 

ginella, with many sections and so-called sub- 
genera ; Persicula, Pachybathro7i (?), CysHsem, 
Microvoluta. 

Fam. 11. Harpidac. — Foot large, with a 
transverse groove, separating off a semi-lunar 
propodium; mantle partly reflected over the 
shell ; shell ventricose, polished ; spire short, 
strongly longitudinally ribbed, ribs prolonged 
over the suture, columella callous; no oper- 
culum. Eocene . Single genus, Harpa 

(subg. SUia), 

Fam. 12. Olividae. — Propodium semi-lunar, 
with a longitudinal groove above, mesopodium 
reflected laterally over the shell *, central tooth of radula tri- 
cuspid on a very broad base, lateral simple, hooked ; shell sub- 
cylindrical or fusiform, polished; aperture narrow, operculum 



Principal genera: 



Fig. 282 . — Voluta ni- 
ima LdUi., West 
Australia. X |* 
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present or absent. Ci^taceous . Principal genera: Olwa 

(Figs. 283 and 98, p. 200), OlivancUlaria (in- 
cluding Lintricula and Agm^onia), Olvodla, 
Amilla (siibg. Ancillina). 

(e) Toxoglossa (p. 218). — Eadula with nor- 
mal formula 1*0 1., teeth large ; oesophagus 
with a large poison gland ; animal carnivorous, 
exclusively marine. 

Fam. 1. Terehridae. — Eyes at the end of 
the tentacles, shell subulate, 
many whorled, operculum 
with terminal nucleus. 

Eocene Single 

genus, Terebra, with several 
sections. 

Fam. 2. Conidae. — Eyes 
on outer side of tentacles, 
siphon prominent; shell coni- 
FiQ, 2 S^T€^aauh. ^^1 or fusiform, aperture nar- 
row. Cretaceous . 

Principal genera : Conus, shell solid, spire 
short, aperture narrow, straight, internal par- 
titions partly absorbed; Conoi'his, GenofAa y\q. 2S6.—Piettrottrma 
(with several sections, chiefly Tertiary), Pus- 
iondla, Columharium, Cln/vatula, Surcula, Pleu- 
rotoma\ Borsonia (Eocene), Drillia (subg. Spirotropis), Bela, 
Mangilia (including Daphnella, ClathureUa, and others), Hcdia, 
Fam. 3. Cancdlariidae, — Proboscis short, usually no radula, shell 

oval, columella strongly plicate ; no operculum. Cretaceous . 

Single genus, Cancdlaria (subg. Merica, Trigomsioma, Admete). 




CHAPTER XV 


CLASS OASTEBOPODA OPISTHOBBANGHIATA AND 

PDLMONATA 

Order m. Opisthobranchiata. 

Visceral loop not twisted (except in Actaeon) in a figure of 8 
(Euthyneurous type, p. 203), auricle usually behind the ventricle, 
ctenidium often replaced by secondary branchiae, pallial cavity, 
if existing, more or less open, shell present or absent, operculum 
absent (except in Actaeon), animal hermaphrodite, with separate 
sexual openings, marine only. — Carboniferous to present time. 

The character of their nervous system decisively removes the 
Opisthobranchiata from the Prosobranchiata, and approximates 
them to the Pulmonata. , Actaeon, however, which is strepto- 
neurous, as well as possessing an operculate shell with prominent 
spire, forms an interesting link with the Prosobranchiata. At 
the opposite extreme to Actaeon stard forms like Siphonaria 
and Gadinia, which are probably close links with the Pulmonata 
(p. 19). The generative system of the whole group, which is, 
as in the Basommatophora, of the hermaphrodite type, without 
mutual fecundation, is another link of connexion with the 
Pulmonata. The respiratory organs present the most varied 
forms, sometimes consisting of one ctenidium (never two), some- 
times of secondary branchiae, variously placed, while sometimes 
no special organ exists. 

The prolongation of the foot into lateral epipodia or parapodia 
(possibly to aid in swimming), and the effect of the epipodia 
upon the shell, according as they involve it completely or 
partially, are among the most instructive features of the 
Opisthobranchiata If the epipodia are developed on the 
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anterior poition of the body, and do not become reflected, they 
may, ae in most Pteropoda Thecosomata, not directly affect the 
shell But when, as in the Tectibranchiata, the epipodia are 
medio-lateral, and tend to envelope the shell, their effect may be 
traced by a series of forms varying in proportion to the amount 
of shell-sur&ce covered by the epipodia. The two principal lines 
along which modification takes place are the gradual reduction 
of the spiral nature of the shell, and the gradual lessening of 
its solidity. Both these changes are the direct result of the 





Fig. 286. — Illustrating the transition 
of form in the shell of Tecti- 
branchiata from the pointed spiral 
to the almost flattened plate : A, 
Actaeon ; B, Ajduntrum ; C, Cyli- 
chna : D, Atys ; E, PhUine ; F, 
Doiahdla; O, Aplysia ; H, Pleu- 
Tcihranchus. (Not drawn to scale.) 


Fig. 287. — Illustrating the gradual covering 
of the shell in the Tectibranchiata by the 
epipodia nud mantle: A, Haminea ; B, 
Scaphaiider ; C, Aplmtr%i,m ; D, Aplysia; 
E, Philine ; c.dy cephalic disc ; ep^ ep, 
epipodia ; sh, shell. (Not drawn to scale.) 



additional protection' afforded to the visceral mass by the 
reflected epipodia, which renders the existence of a shell less 
and less necessary. A precisely similar line of change is seen 
in the Tulmonata, cubninating in forms bke Arion (p. 174). 

The habits of life of the Oihsthobranchiata are very varied. 
Some, especially the heavier types, burrow in sand, and are then 
usually furnished with a broad cephalic disc, as a digging 
apparatus ; some (certain Bulla) flit about in shallow pools on 
mud flats; others {Phyllirrhoe and the Pteropoda) swim freely 
in the open sea ; others (most Nudibranchiata) crawl slug-like on 
sea-weeds or corallines, and in colour singularly harmonise with 
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their enviromnent (p, 71 f.) ; others again {SijihonaHa, Oadinm), 
stick limpet-like to rocks between tide marks. As a rule, tfa^ 
occur only in dean salt water, but SmUetonia has been found in 
the Victoria Docks at Botherhithe, as weU as in parts of the 
Baljic, where the water has only 7 parts of salt in 1000, while 
IdmapofUia occurs in nearly fresh water at Bornholm and 
Gothland. 

Their food varies greatly. As a rule, they are frugivorous, 
but many cases of carnivorous habit occur. Scaphander has 
been seen to swallow Dentalium six at a time, and in six hours 
the shells of aU were reduced to tiny fragments. Glaucus devours 
the soft portions of the pelagic Porpita and Velella; Idalia 
dcgane eats its way into the test of Ascidians, and completdy 
buries itself in the Wy of its prey.^ 

The Opisthobranchiata may be classified as follows : — 


1. Tbotibbanohiata 


Opisthobranchiata < 2. Ascooiossa 


3. Nudibranohiata 


4. Ptbropoda . 


'Bullddea 
Aplysioidea 
" Plmrohrarichoidea 
Siphmarwidea 

{ CladohepMca 
Holohipaiica 
f Thecosomata 
\Gymno8omata 


Sub-order I. Tectibrauchiata. — Right ctenidium usually 
pieseut, more or less concealed by the mantle fold, Tisceral 
ganglia united by a very long commissure, shell variable in 
form, more or less enveloped in folds of the mantle and foot, 
often becoming rudimentary. 

Section I. Bulloidka. — Shell more or less spiral, internal or 
external, epipodia more or less developed, a broad cephalic 
dian, distinct from the dorsal region, usually no tentades, eyes 
sessile. 

Fam. 1. Actaeonidae . — Shell spiral, solid, entirely covering 
the aniTnftl ; spire generally prominent, operculum corneous, 
visceral loop streptoneiuous, no epipodia, radula multiseriate, 

teeth numerous, very small Carboniferous . Genera: 

Aetaeon(Fig. 286 A.); Fdwna (Tertiary), (Eocene) Acios- 

* J. Power, Awtt. Mag, if. H. (2) xx. p. 384 ; P.Z.S, 1886 p. 118; ArA, ZaoL 
Exp. Gin. (S) L 1898, p. 106. 
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onina (Garl^niferous)^ Cylindrites (Secondary strata), Actaeondlm 
(Cretaceous). 

Fam. 2. Tornatinidae. — Shell spiral, cylindrical, entirely 
covering the animal; spire concealed, cephalic disc with two 
large tentaculiform appendages behind, no radula. Genera: 
Tornatina ( = Utricvlus), Volvula. 

Fam. 3. Scaphandridae , — Shell more or less external, covering 
all or nearly all the animal, spire concealed, cephalic disc simple 
or notched behind, epipodia well developed, radula with first 
lateral very large, stomach sometimes with powerful gizzard. 
Genera: Scaphander (Fig. 287 B); Sahatia (Vliocene), Sntaragdi- 
nella, Atys (Fig. 286 D), Cylichna (Fig. 286 C), Amphi^hyra. 

Fam, 4. BMidae . — Shell external or partly internal, spire 
quite or nearly hidden, cephalic disc broad, without appendages, 
epipodia often large ; radulausually multiseriata Genera : Budla 
(subg, Haminea)y Accra, mantle with long filiform appendage, 
epipodia touching over the shell ; Cylindrohulla, Volvatella. 

Fam, 5. AplvMridae . — Shell partly internal, overlaid by the 
posterior part of the cephalic disc, spire not prominent, epipodia 
reflected, tentacles auriform. Single genus, Apluatrum (Fig. 286 
B; subg. Hydodina). 

Fam. 6. Mingiculidae . — Shell small, solid, covering all the 
animal; spire somewhat prominent, aperture narrow, plicated; 
peristome thick, sometimes channelled, cephalic disc with a kind 
of posterior siphon. Genera : Ringicvla ; Avellana (Cretaceous). 

Fam. 7- Gastrcpteridae . — Shell completely internal, nautiloid, 
small ; epipodia very large, rounded, united behind ; cephalic disc 
simple. Single genus, Gastropteron. 

Fam. 8. Philinidae . — Shell completely internal, thin, slightly 
spiral ; epipodia thick, cephalic disc large, thick, simple ; stomach 
usually with powerful gizzard. Genera: Philine {Fig. 287 E), 
Calpodaspia, Colobocephalus, Ckelinodura, Phanerophthalmus, Crypt- 
ophthalmus. 

Fam. 9. Doridiidae. — Shell completely internal, a mere 
pellicle with a small spiral nucleus, mantle with two posterior 
lobes and a caudal filament, epipodia reflected. Single genus, 
Doridium. 

Section IL Aplysioipea. — Shell small, usually not spiral, 
sometimes absent, no cephalic disc, bead prominent, with two 
pairs of tentacles, epipodia large, more or less reflected 
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Fak. Ajdydidae . — Characters those of the section. Gtenera : 
Jjdytia (Fig. 287 B), shell arched, flattened, animal large (the 
"sea hare”) ; DoldbeUa, shell sab-triangular (Fig. 286 F) ; IMa- 
br^er, shell sab-quadrangular, not spiral ; Mtarehvs, shell micro- 
scopic, spiral ; Phyllaplysia, bod 7 very depressed, oval, no shell 

Section III. Flsubobranchoidea. — ^Dorsal region protected 
by a wide notaevm or dorsal covering, or by a shell ; no epipodia, 
ctenidium large, external, between the right under surface of the 
notaeum or shell and the foot; head short, shell present or 
absent. 

Fam. 1. Plewohranchidae . — Shell internal or absent, notaeum 
with spicules, radula multiseriate. Genera: Pleurobranehm 
(Fig. 286 H), (?) Haliotindla, Plewrobramshaea, (?) Neda. 

Fam. 2. Puneinidae . — Bitmchial lamellae few, under the 
posterior light notaeum, no shell Single genus, Buncina. 

Fam. 3. Vmbrellidae . — Shell external, depressed patelliform, 
not covering all the animal ; foot very thick, ctenidium huge, 
head depressed, small; radula multiseriate, teeth innumerable, 
very small Genera: Umbrella (Fig. 5a, p. 10), Tylodina. 

Section 1Y. Siphonarioidea. — Shell patelliform, branchia 
replaced wholly or in part by a pulmonary sac, pulmonary 
orifice closed by a small lobe, radula multiseriate, teeth very 
small 

Fam. SiphoTMTiidae . — Characters those of the section. Genera : 
Siphonaria (branchia as well as pulmonary sac), Oadinia (no 
branchia). These genera, hitherto placed among the Pulmonata, 
have been recently shown (see p. 19) to be modified Opistho- 
branchiata. 

Sub-order IL Ascoglossa.' — Branchia, mantle cavity, and 
shell generally wanting, liver ramified, rami enclosed in external 
papillae (cerata) or beneath the dorsal surface, kidney not com- 
pact, branched ; radula with one series of strong teeth (Fig. 288), 
worn out teeth at the front end not dropping off, but preserved 
in a special sac (do-xoO- 

According to Bergh, the Ascoglossa form a link between the 
Tectibranchiata, — especially the Aplysiidae and BuUidae — and the 

^ In deference to Bcrgh’s high authority, the position of a sub-order is here 
given to the Ascoglossa. It may be doubted whether that position will stand the 
test of furth^ investigation, and whether the families concerned will not be added 
to the Clfldoliepatio Kudibranchs. 
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Fia* 288. — Radula of one of 
Ascoglossa (Elyaia viridi* 
Mont. X 40). 


Cladohepaiic Nudibranchs, while the Pleurobranchidae fom a 
somewhat similar link between the Holohepatio Kudibranchs and 
the other Tectibranchiata. 

Fam. 1. Oxyw>eidae } — Animal long, tentacles auriform, 
epipodia large, simple, or wing-like, a ctenidium and branchial 

chamber on right side, shell small, thin, 
slightly spiral, not covering much of 
the body. Genera : Ootyynot ( = Lophmtr* 
cus), Lohiger, 

Fam. 2. Hermaeidae. — Body de- 
pressed, cerata in several rows, no 
branchiae, no shell. Genera : HerimLea, 
Phyllohranchus, Stiliger, Alderia, 

Fam. 3. Elysiidae . — Body depressed, 
head rather elevated, tentacles aurifonn, 
sides of body dilated into two large 
wings, which enclose branches of the liver and sometimes fold 
over the dorsal surface, no branchiae, no shell. Genera : Elyda, 
Thridachia, Pldcohranchus, 

Fam. 4. Limapontiidae . — Body slug-like, liver scarcely rami- 
fied, no branchiae, shell, or appendages. Genera: Limapontia, 
Actaeonia, Cenia, 

Sub-order m. Nudibranchiata. — Shell absent in the adult, 
no ctenidium proper, or osphradimn, cerata dorsal or dorso-lateral, 
nervous system concentrated, kidney not compact, ramified, penis 
retractile, jaws and radula usually present. 

Section I. Cladohepatica. — Cerata usually latero- dorsal, 
elongated, or arlxirescent, buccal mass strong, jaws present, liver 
generally ramified, rami generally entering the cerata. 

Fam. 1. Aeolididae , — Body slug-like, head with tentacles and 
rhinophores, dorsal area with rows of cerata, which usually con- 
tain sting - cells, radula variable. Genera : Aeolis, Cratenu, 
Tergipes, Coryphella, Favorinus, Fdcelina, Flabellina, Fiona, 
Olancus, Janus, Hero, with many sub-genera, 

Fam. 2. Tethymelihidm , — Body slug-like, large, cerata very 
large, no sting-cells, head large, cowbsliaped, no tenttxcles, rhino- 
phores much foliated, no radula. Genera : Tethys, Melibe, The 
cerata of Tethys, wliicli arc cai«tble of indeiHJndent movement 

* T|ji» faiutly lias also boon classiiieil with the Uullukloa and Mdth the 
Aptysioidea, 
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when severed, have been described as parasitic wonna 
feeds on molluscs and Crustacea. 

Fam. 8. timamtidae. — Body slug-like, dorsum prominent, 
undulating or lobed, with one row of small cerata, no tentacles, 
rhinophores much foliated, radula with uncinated dentate laterals. 
Single genus, Lomamtus. 

4. Botonidae. — Body slug-like, small, two rows of cerata, 
each ceras surrounded by a ring of tubercles, rhinophores simple, 
radula uniseriate. Single genus, Boto, 

Fam. 5. Bendronotidae. — Body slug -like, somewhat com- 
pressed, two rows of arborescent cerata, no tentacles, frontal 
margin with arborescent papiUae, rhinophores arborescent, radula 
multiseriate. Genera : Gampaspe, Bendronotus. 

Fam. 6. Bornellidcbe. — Two rows of dorsal papillae, with 
hranchiform appendages at the base, rhinophores foliate, radula 
multiseriate. Single genus, Bcmella. 

Fam. 7. ScylladdM. — ^Body oblong, compressed, two large 
foliated cerata with branchial appendages on the inner side, no 
tentacles, rhinophores large, radula multiseriate. Single genus, 
Scyllaea, 

Fam. 8. Phyllirrhoidae, — Body much compressed, with bovine 
head and neck, tail tapering, no tentacles, rhinophores simple, 
teeth few, no marginala Single genus, Phyllirrhoe. 

Fam. 9. Pleurophyllidiidae, — Body elongate-oval, snout broad, 
covered by an arched shield with lateral angles prolonged, 
branchiae consisting of two rows of lamellae placed between the 
notaeum and the foot, no tentacles, rhinophores short, hidden, 
radula multiseriate. Single genus, Pleurophyllidicu 

Fam. 10. Pleuroleuridae, — Animal resmihhug Pleurophyllidia, 
but without the branchial lamellae. Single genus, PUurolmra. 

Fam. 11. Tritoniidae. — Body long, two i-ows of unequal 
arborescent cerata, rhinophores with ramose appendages, Uver not 
prolonged into the cerata. Genera : Marionia, 

SECTION 2. Holohkpatioa. — ^C erata medio-dorsal, retractile 
or not, usually paucifoliate, liver never ramified, usually no 
jawa 

Fam. 1. Borididae. — Branchia consisting of a circle or semi- 
circle of pinnate leaves united at the base, surrounding the anus 
almost always retractile into a cavity, rhinophores foliate, no 
suctorial proboscis, radula multiseiiate. Genara: 

VOJL m 2 t 
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Htxahriin^m, Archid(m$ (Fig. 289), Dirnd^ru^ Diaulniat 

Cadlina, Centrodoris, PUUydoris, Gkro^ 
modoris, Miartiira, with many sub- 
genera. 

Fam. 2. Doriopsidae. — Branchia and 
rhinophores as in Ihrididat, oral aper- 
ture pore-shaped, suctorial, no radula. 
Single genus, Doriopm. 

Fam, 3. Phyllidiidae, — Body oval, 
depressed, leathery, a ring of branchial 
lamellae, only interrupted by the head 
and genital papilla, imder the pallial 
edge, oral aperture pore -shaped, suc- 
torial, no radula. Genera: PhyWdia, 
Fryeria. Bergh unites this and the 
preceding family in the group Porosto- 
mata, which, with Fam. 1, form the 
group Dorididae cryptcibranchiatde. 

Fam. 4. Polycetidae. — ^Body slug-like, branchiae not retractile, 
usually surrounding the anus, rhinophores foliate, tentacles 
simple, radula variable, central tooth generally wanting. Genera ; 
Notodoris, Triopella, Aegires, Triopa, /ssa, Triopha, Crimoray 
Thecdcera, Polycerellay Pcdio, Polycera, Ohola, Trevelyana, Ne,m^ 
hrotha, Euplocamus, Plocamopherus, KrdiTiga. 

Fam. 5. Goniodoridae. — Body oval, depressed, branchia multi- 
foliate, usually disposed in shape of a horse-shoe, rhinophores 
foliate, retractile or not, mouth with a large suctorial proboscis, 
radula variable. Genera : AkiodoriSy DoridunculuSy Acanthodoris, 
Adalaria, Lamellidoris, Calycidoris, Goniodoris, Idalia, Ancula^ 
Drg)ania, 

Fam. 6. Corambidae. — Body otherwise i>om-like, but with 
two posterior branchiae under the mantle edge, jaws present, no 
central tooth, about five laterals. Single genus, Coramhe ( = 
SypohraTichiaea). Bergh unites this and the two preceding 
families in the group Dorididae phamrohraTu^hiatae. 

Sub-order IV* Pteropoda. — The Pteropoda are pelagic 
animals in which the lateral portions of the foot are modified 
fins, which are innervated by the pedal ganglia. Their 
imatic position has undergone recent revision. It has been 
'^tam to regard them as an Order of equivalent value to the 


n 



a 


Fia. 289. — Doris (ArcKidoris) 
tubercidata L., Britain : a, 
anus ; branchiae sur- 
rounding the anus ; m, male 
organ ; rA, rhy rhinophores. 
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(^er four, wl^ile some have held them to he a subdivi^oa of 
Oj^halopoda. Modern authorities, chief among whom ie 
seneer, regard the Pteropoda not as a primitive, but as a derived 
and recent group* They ore Gasteropoda in which the adapts* 
tion to pelagic life has so modified their external characters as 
to give them an apparent syxnmetry/’ 

The principal point which relates the Pteropoda to the 
Gasteropoda is the asymmetry of the visceral organs, intestine, 
heart, kidney, and genital gland, which results from their 
development on one side only of the body. Their hermaphro- 
ditism and the structure of their nervous system relate them to 
the Euthyneura rather than to the Streptoneura. Besemblances 
in the organs of circulation and generation approximate them to 
the Opisthobranchiata rather than to the Pulmonata, while of 
the two groups of the former, they tend to closer relationship 
with the Tectibranchiata than with the Nudibranchiata. The 
two sections of Pteropoda have been considered of distinct origin, 
the Thecosomata being derived from the BuUoidea, the Gym* 
nosomata from the Aplysioidea.^ 

Thus the Pteropoda are a group whose true relations are 
masked by the special conditions of their existence, which have 
tended towards the development of certain organs, the so-called 
“ wings and the shell, which give them an apparent symmetry ; 
this symmetry disappears on a closer investigation of the internal 
organs. They are hermaphrodite ; the genital gland has a single 
efferent duct (except in some Cavolinia), a seminal groove leading 
to the copulatory organ, which in the Thecosomata is on the 
right side of the head, in the Gymnosomata on the right side of 
the foot. The genital system resembles that of the Opistho- 
branchiata and of the “ digonoporous ” Pulmonata. * 

Section 1. THECOSOMATA.-^hell or cartilaginoid test always 
present, fins united by an intermediate lobe, ctenidia as a rule 
absent, replaced by secondaiy branchiae, no very distinct head 
or eyes, one pair of tentacles ; cerebral ganglia on the sides of 
and under the oesophagus ; radula with three rather large teeth 
in a row, generally unicuspid, jaw in two pieces, stomach with 
horny plat^, anus generally on the left side. 

The Thecosomata feed on Protozoa and the lower Algae; 

> It appears more oonve&ient to treat the whole group together, rather than deal 
with the two seotiotia aeparately. 
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they have rh proboscis, and the intestine is flexnml Hie fins 
are always iclosely connected with the head, or what answers to 
it About 42 species are known, belonging to 8 genera. 

Faw. 1* Limacinidae. — Fins very large, branchial chamber 
dorsal, anus on right side ; shell spiral, sinistral (ultra-dextral, 
see p, 249), operculate. Genera : Zimacim, shell helicoid, 
deeply umbilicated (X. helicina swarms in Arctic seas and 
furnishes food for many Cetacea) ; Feraelis, spire turreted, 
aperture large, elongated, produced anteriorly, no umbilicus; 
operculum sinistral, in spite of the shell being ultra-dextral. 

Fam. 2. Cavoliniidae. — Fins large, branchial chamber ventral, 



Flo. 290. — Illustrations of Pteropoda Thecosomata : A, Li$nacina amtraJia Eyd.; B, 
Cleodora cuspidata Bose, (shell only) ; C, CuvieriTia columnella Hang ; D, Creteu 
virgida Hang ; £, Clio hdLantium Bang ; /, /, fins ; I, liver ; o, ovaiy ; shell. 
(After Souleyet.) 


shell a non-spiral cone, angular or round, very thin, embryonic 
portion distinct, or formed of two separate plates. 

In Cavolinia ( = ITyalaeat Fig, 5, B, p. 10) the shell consists of 
two plates, the ventral being convex, with one to three sharp 
spines at the posterior end, the dorsal flatter, without spines. 
The apertui'e is broad, contracted dorso-ventrally. Two long 
pointed prolongations of the mantle project from the lateral slits 
of the shell, and probably serve to balance the bulky body when 
swimming. Fins trilobed at the margin. Cleodora has only 
rudimentiary lateral piolongations, fins bilobed, shell triangular, 
angles greatly produced, aperture very wide, dorsal side keeled. 
In Oumerina the shell is straight, sub^ylindrical, with a median 
partition, slightly expanding towards the apex, which is truncated 
in the adult. The principal sub-genera of Clio are CrmU, which 
has an elongated sub-cylindrical shell, sometimes slightly curved, 
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SDEUKKth or grooved ; and C^io proper, in which the sh^ is loi^ 
angular, with a dorsal rib, apex (=» embryonic shdl) nnmded, 
constricted. Styli^ and Syalocylix also belong to thk group. 

Fam. 3. CymJmlndae. — ^Test (which is not homologous with 
the shell of other Thecosomata) slipper-shaped, cartilaginoid, 
simply a thickening of the mantle ; embryo with a calcareous, 
spiral, operculate shell Genera : Cymbvlia, Cymhdiopm, Gl^ta. 

Three other families, Hyalithidae, Fterotheddae, and Conu- 
lanidae, from Palaeozoic strata, are generally added to the Thecoso- 
mata. All are fossil only, and it is doubtful whether they are 
really MoUuscan. Felseneer holds that no true fossil Fteropoda 
occur until the lower Tertiaries. 

Sbction 2. Gymnosomata. — Mantle and shell absent in tdie 
adult, fins not connected by a lobe, no branchial chamber, head 
well developed, with two pairs of tentacles, eyes on the posterior 
pair ; cerebral ganglia above the oesophagus ; buccal cavity pro- 
vided with a pair of protrusible “hook-sacs,” radula generally 
with 4 to 12 hooked laterals, central tooth triangular, jaw in one 
piece, composed of homy plates, no homy plates in stomach, 
anus on the right side. 

The Gymnosomata are carnivorous, feeding on Thecosomata 
and other pelagic animals, being provided for this purpose with 
a formidable buccal armature of hook-sacs and suckers. The 
intestine, as usual in carnivorous groups, passes straight from the 
stomach to the anus ; the fins are not attached to the head, but 
to the anterior part of the body. The larva has a straight shell, 
which disappears in the adult. About 21 species are known, 
belonging to 7 genera. 

Fam. 1. Pnevmodermatidae. — ^Animal fusiform, fins rather 
CBuall, head prominent, anterior part of buccal cavity protrusible, 
with suckers on the ventral side, hook -sacs well marked ; 
branchia on right side, skin soft, pigmented. Genera : Dexio- 
'braTwihaea, no posterior gUi, book-sacs short ; Spoi^branekaea, 
posterior gill circular ; Pneumoderma, gill tetraradiate, hook-sacs 
long. 

Fam. 2. Clionopsideu. — ^Body barrel-shaped, probosds three 
times the length of the body, no buccal appendages, hook-sacs 
shmrt, no lateral gUl, posterior gill tetraradiate, skin not p%- 
mented. Clionopm is the single ^nus. 

Fam. 3, Notobranchaeidae. — ^Body ovate, buccal appendages 
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conical, no &teral gill, posterior gill with three radiating crestt, 
skin pigmented. Notdbranchaea is the single genua 

Fam. 4. Clionidae . — ^Body long, angukted behind, proboscis 
short, mouth with two or three pairs of appendages, no jaw, no 
gilla 

Clione limmna is so abundant in Arctic seas as at times to 
colour the sur&ce for milea Each of the cephalic appendages 
has about 60,000 minute pediceUated euckera 



Fio. 291. — A, An- 
tenor portion of 
Pneumodehmj 
B, CUond Uma^ 
cina Phipps ; 

C» Halojtityclie 
Om^dichaudi 
Soul. ; /,/, fins; 
A.5, hook> 
sacs : lobe of 

the foot ; s, 
suckers ; o, pos- 
terior genital 
orifice ; t, 
tentacles. (After 
Souleyet.) 


Fam. 5. Halopsychidae . — ^Body ovate, thick, rounded behind, 
no gill or proboscis, fins long, narrow, broadened at the ends, 
epidermis sub^cartilaginoid. 

Halopsyche ( = Eurybia) has the power of withdrawing its 
head completely into a sort of pocket, which is closed by an 
anterior fold of the mantle. There are two long non-retractile 
buccal appendages 


Order IV. Polmanata 

Gasteropoda with two pairs of tentacles, visceral loop euthy- 
neurous, ganglia concentrated roimd the oesophagus ; breathing 
air by a pallial cavity formed by the union of the front edge of 
the mantle with the cervical region, sexes united, shell present 
or absent, no operculum ^ (except in Amphihola), 

Sub-order L Basommatophora. — Eyes generally at the base 
of the tentacles, wliich are not retractile, male and female genital 
orifices separate, radula (p. 235) inultiseriate, shell always present, 
external. Fresh water or quasi-iuariue. 

* An 0|)eitu1um is said to exist in the young forms of Aurknia «nd 
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Fah. 1. organ a pulmonaxy sac or 

truo lung; shell spiral, conddal, internal partitions usuafly 
absorbed, ap^ture more or less 
strongly toothed Jurassic—^ — 

Genera : Auricvla, Carychiwm, 

Sca/mim, Alexia, Tralia, Pleco^ 
trema, Camdula, Melampus, Leu- 
conia, Pedipes (Fig. 292). 

Fam. 2. Otinidae , — Shell auri- 
form, spire very short. Genera : 

Otina, Camptonyx , — ^Eecent only. 

Fam. 3. Amphiholidae. — A 
pulmonary sac on right side of 
neck, eyes almost pedunculate, 
sheU turbinate, rudely sculptured, Fw. 292.-E«inpi^ of tKe 

’ ^ ' A, Aunevla Jvdw Lam., Borneo ; B, 

operculate. Becent. Genus, Scawh%i$ Lessoni Blainv., E. indies ; 

AmphM. (Hg. 293)-, subg. Sijl "S-S 

Ampullarina. Muhlt, S. Pacific : £, Pedipes qwd* 

Fam. 4. Umnaeiiae. — 'PvX. 

monary sac protected by an external lobe ; shell variable, fragile. 

Jurassic (i.) AncyliTiae, shell more or less limpet-shaped. 

Genera: Ancylus, Gundlcxhia, Latia, (iL) Limnaeinae, shell spiral. 
Genera: Limnaea, Amphipeplea, Prinria, Lantzia, Pompholyx, Choa- 
nomphalus (with Carinifex), (iii.) Planorhinae, shell sinistral, spire 
flattened or elevated. Genera: Planorbis, Mdora Bulinvs). 
Fam. 5. Phyddae . — ^Mantle more or less reflected over the 
shell (radula, Fig. 141, C, p. 235) ; shell sinis- 
tral, lustrous. Jurassic . Grenera: Phyaa, 

Aplecta. 

Fam. 6. CkUinidae . — Lobe of pulmonary 
sac large, tentacles broad ; shell ventricose, 
rather solid ; columella plicate. Miocene . 



Pia %^a.—Ampkiboia giggle genus, Chilina. 

avelloLna, Cliem. o o » 

8ub-order n. Stylommatophora. — Two 

pairs of retractile tentacles (except in Janella), eyes at the tip of 
the upper pair, male and female orifices united (except in Yaginu- 
lidae and Onchidiidae), no distinct osphradium. 

Fam. 1. Testaedlidae. — ^Animal carnivorous, slug-like or 
spirally coiled, no jaw (wljeace the name Agnatka, often givffli 
to tltis group), radula witli usu^y few, large, siekle-Bhaped 
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Fig. 294. — A, Knnea {OMulina) palanga 
Per ; Af, young of same ; B, 
lyonetianus Pall. 


teeth (p. 232), shell varmhle, rarely absent, usually external 

Cretaceouii Principal genera: Chlamydephmnt^ (shell a 

simple plate, internal), Apm*a, 
TestaceUa (slug- like, shell ter- 
minal), Sirehelia, StrepMyla, 
Glandina, Saladella, Fetenia, 
Pseudosubulina, Streptostele, 
Tomoatele, Streptaoda (Fig. 203), 
OihhuSf Ennea, Daudehardia (Fig. 
193), Schizoglosm^ Guesteria, 
Aerope, Paryphanta, Rkytida 
(subg. Diplomphaiua, Elma and 
OMua JRhenea.) 

Fam. 2. Selenitidas. Shell 
internal, external, or absent; jaw piesent, radula Testacellidan, 

central tooth present. Tertiary , Genera : Selenites, 

Plutonia, Trigonochlamijs, Pse^udomilux (?), Rathouisia (?). 

Fam, 3. Limacidae. — Shell present or absent, internal or 
external, spiral or not, tail often with a mucus pore, jaw (Fig. 
107, A, p. 211) with projecting rostrum on cutting edge, radula 
with central tooth tricuspid, laterals hi- or uni-cuspid, marginals 

aculeate. Eocene . Genera: Otoconcha, Urocyclns^ Maria- 

ella (subg, Tennentia), Pannarion, Helicarion, Cyatopelta, Aspi- 
delus, Estria, Vitrinopsis (subg. Vitrinoidea, ParmeMa), Damay- 
antia, Nanina ( = AriophaTvta, including Paehystyla, Rhysota, 
Memiplecta, Trochonanina, Euplecta, Orpiellat JCesta, Macrochlamys, 
Microcystis, Sitala, Kcdiella, Durgella, Atistenia, Girasia, Parma- 
cocMea, Africarion, Sesara, Macroceras, and others), Vitriniconus, 
Parmacdla, Limax (subg. Amalia, and many sections), Vitrina, 
(subg, Vitrinozonites, Velifera), Zonites (subg. Stenopus, Moreletia, 
Mesomphix, Hyalinia, Gastrodonta, Pristiloma, Poecilozonites, 
Thyrophorella). 

Fam. 4. Philomycidae. — Shell absent, jaw limacidan, radula* 
helicidan, shield covering all the body. Single genus, Philomycua 
( = Tehennophorm), with subg, PaHifera. 

Fam. 6. Helicidae. — Shell present or absent, internal or ex- 
ternal ; jaw of various types, radula with central tooth tricuspid, 
equal in size to the first laterals, laterals bi- or tri-cuspid, margi- 
nals smaller, cusped. Eocene- . Principal genera: Oopelta 

(no shell), Arion (shell absent or formed of ailcareous granules), 
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Jrioiimm, Geomaiucus, Anadenus (su%. I^<^hfmon)^ Hm^phUlia^ 
Cryptostrmont Binneya, Hdix (see below), CocUo^la, BhdimuB^ 
(etibg. Borus, Orph%m, Dryptus, StrophochUus, Pctthyotvs, and pos- 
sibly CaryodeSi Zettcotaenia, Liparm, lAvinhaeea, Pachnedm, Bachis, 
Atopocochlis, CerostuB, Clavator belong here, or with Sidiminns), 
Berendtia, Bhodea, Pilsbry proposes ' to group Helix as follows : 

A. Eggs or young very lai^ at birth ; 

(1) Maerodn^ inch A£avus,Pyrochilm{^ PhaniaX Stylodontay 
Hdicophanta. 

B, Eggs or young smaller or minute at birth : 

(2) Belogona . — Female genital sjrstem with dart sac and 
mucus gland. Helix [restricted] (with 
sections Arionta, Campylata, Chilotrema, 

Poniatia, Macularia, Tachea, Iherue^ Lep- 
taxis, Eulota, Fruticicola, XeropJiila ; 

Dorcada, Acusta, Plectotropis, Aegista, 

Cathaiea, Satsuma, Eukadra ; Lysirwe), 

Gonostoma, Zeucochroa, Allognathus, 

Cochlostyla, Polymita, Hemitrochus (with 
sections Plagioptycha, Dialeuca, Coryda, 

Jeanerettia), Glyptostoma, AcanthinuJa, 

Vallonia. 

(3) Teleophalla. — Female system 
without accessories, male with flagellum 
and appendix on penis; no epiphallus. 

Sagda, Cysticopsis. 

(4) Epiphallophora . — Female system 
without accessories, male with epiphallus 
on penis ; no appendix. Cwracolus (with 
sections Zucerna, Dentellaria, Isomeria, Zabyrinthus, Eurycratera, 
PartJiena, Polydontes, Thelidomus, Cepolis), Caviaena (inch Phoe- 
Tvicobiiis), Ohha, CUoritis (incl. Hadra), Papuina, Planiynra (subg. 
Cridigibba), 

(5) Haplogona . — All accessory organs absent, jaw soldered 
into one piece, Polygyra (inch BaxdalochUa, Triodopsis, Mesodon, 
Stepotremd), Endudonta (incL Zibera, Chatopa, Gerontia, Therasia, 
and others), Patvla, Trochomorpha, Anoglypta. 

(6) Polypltmgnalha . — All accessory organs absent, jaw com- 
posed of 16-24 separate platen Puvxtmn, ZaonuL 

» Prw. Ac. Philad. 1892, p. 890. 



Fig. 29 ,'>. — Example of the 
MacroOn gro\ip of Helix, 
HeJicopkanta Souverhiana 
Fisch., Madagascar, show- 
ing Iniige embryonic shell ; 

kS. 
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Genera cjf doubtful position : StrobilopB, Ampdita^ Pedimgym^ 
Polygymtiaif Mmrocyclu^ Solaropsu, 

Fam. 6. Orthciieidae, — Radula, p. 233. Shell external, large, 
bulimoid. Single genus, Orthalicus; subg. Zigum, Potphyrih 
haphe^ CoTom. 

Fam. 7. BuUimdidae. — Radula, p. 233; jaw, p. 211; shell 
usually external Genera : Bulimulus (incl. PlecochiluB, Goma^ 



siomtts, Drymaevs, Liostracus, Otostomtis, Navicula, Scutcdus, 
Peronaeus, Eurytm, Evdioptibs, Plectostylus, Mesem- 
hrinm, Mbrmus, etc. ; Thaumastua, Nesiotia), Place* 
stylus (incL Charis), Amphidromus, Partula, Caiycia 
(?\ Peltella (animal limaciform, shell internal), 
Pdlicvla, AmpKibulimus (incl. Simpviopsis). 

Fam. 8. Cylindrellidae. — Radula, p. 233 ; shell 
many whorled, long turriculate, last whorl often 
detached, apex often truncated (Fig. 169, p. 260). 
Fia. 2d6.~o*»i- Eocene . Genera : Cylindrella (with sec- 

tostotnus pan- . , . , ^ 

t»gruelinu» tioQS Ccdlonia, Thavmasia), Leia, Macroeeramus, 

Horie., a Fineria. 

Hr«iyjL x X, 

Fam. 9. Pupidae, — Radula, p. 233; shell 
external, spire usually long, aperture often narrowed, more or 

less toothed, often with internal lamellae. Carboniferous 

Genera: Ariostoma (Fig. 154,p. 24:8), Hypselostoma (Fig. 202, A, 
p. 302) ; Anastomopsis (Cretaceous), Lychnus (Cretaceous), Boysia, 
OdontostOTfius (incL Tomigerus), Buliminus (incL 
Petraeus, Napaeus, Zehriiia, Mastvs, Ohondrvla, 

Ena, and perhaps Bachis, Pachmdtis, Hapedus, 
and othera). Pupa (incl. Torquilla, Pupilla, 

Sphyradium, Lemochila, etc.), Zospeum, Vertigo, 

MegcLspira, Strophia, Holospira, Eucalodium 
(incl. Codocentrum), Coeliojxis, Perrieria, Balea ; 

Billya (Eocene), Olausilia (with many sub- 
genera) Bhodina (?). 

Fam. 10. Stenogyridae, — Radula, p. 234; 
shell long, spiral, shining, more or less trans- 
lucid, apex blunt, sometimes decollated. 

Eocene . Genera : Stenogyra (subg. Bumina, 

OhdiscuB, OpeOB, Mdaniella, Spiraxis, Leptinaria, 

Nothm, Subulina, Glesmda), Ferussacia (subg. CiomUa, Azeod), 
Cdeeilianella (subg. GeosHlHa), Achatina (shell largo, ventricose, 



Fig. 297 . — AtCtattsilia 
eraadeoifta Ben., 
Sicily ; B, Ctau- 
sUia memramm 
Zidg., BalmaUn ; 
clciuiiitiim of 

sftme. 
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columella stronglj truncate), with the Bub-genem PmAem, 
Zimieoltma,, Columna, Pseudachatina, Simorm, probably belistgs 
to a distinct family. 

FAM. 11, Aekaiindlidae. — ^Sadula, p. 234; shell small, buli- 
moid, indifferently deztral or sinistraL Genera: Jehatindla 
(subg. AurieuleUa, Aimstra, Carelia), TomatdliTUi. 

Fam. 12. Sweeineidae. — Eadula, p. 234; lower pair of ten- 
tacles wanting or small ; shell internal or external, thin, spiral 

or not, last whorl large. Eocene . 

Genera : Sveeinea, Honudonyx, Hyalimax, 

(?) Lithotis, (?) Catindla. 

Fam. 13. Jandlidae. — Badula,p. 234; 
animal slug-like, no lower tentacles, shell 
an internal plate. Single genus, Janella 
( = Athoraeophorm), with subg. Aneitea. 

Fam. 14. Vagintilidat. — Badula, p. 

234; animal slug-like, covered with a 
coriaceous mantle, lower tentacles bifid, 
genital orifices widely separated, male 
behind the lower right tentacle, female 
on inferior median part of right side, 
anus and pulmonary orifice nearly terminal ; 
shell absent. Single genus, Vaginvla 
( = Vtronicdla). 

Fam. 1 6. Onchidiidae . — Body oval, mantle thick, often warty, 
sometimes set witli “eyes” (p. 187), two tentacles, genital orifices 
widely separate, anus and pulmonary orifice as in Vaginvla ; no 
shell Genera: Peronia, Onchidivm, Onchididla. The family 
appears to be an instance of Pulmonata reverting to marine 
habits of life. 



Fig. 29S. — Ackatina &ebm 
Lam., S. Africa, xj. 


CHAPTER XVI 


CLASSES SCAPHOPODA AND PELECYPODA 

CLASS SCAPHOPODA 

Head rudimentary, Mantle edges ventrally concrescent, forming 
a tube opening before and behind, and 
covered with a shell of the same shape ; sexes 
separate. 

The Scaphopoda form a small but very 
distinct class, whose organisation is decidedly 
of a low type. The body is usually slightly 
curved, the concave side l)eing the dorsal; 
muscles near the posterior end attach the 
body to the shell. The foot, which can be 
protruded from the anterior or wider aper- 
ture, is rather long, pointed, and has some- 
times two lateral lobes {Dentcdinm), some- 
times a terminal retractile disc (Siphomden* 
talwm), sometimes a retractile disc with a 
central tentacle {Pulsellnm), The cephalic 
region, as in Pelecypoda, is covered by the 
mantle. The mouth is situated on a kind of 
projection of the pharynx ; the buccal mass, 
DerUalium. ■ dBitUrior containing the radula (p. 236), is at the 
aperture of mantle;/, base of the foot, and the intestine branches 
Mney";%^Uver! foiwaril from the front part of the stomach, 
tw^) ^ paired, and consistB 

of a number of symmetrical, radiating coecai 
There are no eyes, but on each side of the mouth are mnall 
bunches of exsertile filaments (cajda^ruli/), which appear to act as 
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tactile orgaua for the fi^izing of food. There is no epedal reqtir- 
ing apparatas, heart or arterial system, breathmg being condn^bed 
by the walls of the mantle. The nervons system has already 
b^n described (p. 206). 

Two kidneys open on either side of the anus. The genital 
gland is large, occupying nearly all the posterior part of the body, 
the sexual products being emitted through the right kidney. 
The veliger has already been figured (p. 131, Fig. 44). The 
embryonic shell is formed of two calcareous laminae, which sub- 
sequently unite to form the tube. 

With regard to their general relationships, the Scaphopoda 
resemble the Gasteropoda in their univalve shell, and in the 
possession of a radula; while the pointed foot, the non-lobed 
velum in the veliger, the generative system, the bilateral symmetry 
of the organs generally, and the absence of any definite head, 
eyes, or tentacles, are points which approximate them to the 
Pelecypoda. 

The Scaphopoda are known from Devonian strata to the 
present time. They are found at a depth of a few fathoms to 
very deep water. The only three genera are Dentalium, Siphono- 
dentalivm (subg. Cadulus), and Ptdsellum, which difler in the 
structure of the foot, as described above. 

CLASS PELECYPODA 

Cephalic region rudimentary, mantle consisting of two sym- 
metrical right and left lobes, covering the body and secreting a 
bivalve shell hinged at the dorsal margin; no radula, sexes usually 
separate. Reference has already been made to the reproductive 
systen (p. 145), breathing organs (p. 164 f), mantle (p. 172), 
nervous system (p. 206), digestive system (p. 237 f.), and nomen- 
clature of the various parts of the shell (p. 269 f.). 

The shape of the shell, in many Pelecypoda, involving as it 
does the position, size, and number of the adductor muscles, is 
probably due to mechanical causes, depending on the habits and 
manner of life of the individual genus. Thus in a typical 
dimyariim or two-muscled bivalve, 6.g. Mya (Fig. 300, A), the 
adductor muscles lie well towards each end of the long axis of the 
shell, with the hinge about midway between them. In this 
position they are best placed for effectually dosing the valves. 
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and sinea they are nearly equidistant from the axis of motion, i-e, 
from the hinge, they do an equal amount of work, and are about 
equal in size. But in a form like Modiola, where the growth of 
the shell is irregular in relation to the hinge-line, the anterior 
muscle is brought nearer and nearer to the umbones, where its 
power to do work, and therefore its size, becomes less and lesa 
But the work to be done remains the same, and the posterior 
muscle has to do it nearly all ; hence it moves farther and farther 
away from the hinge-line, and at the same time gains in size. 
In shells like Ostrea, Pecten, and Vvlsella, the anterior muscle, 
having drawn into line with the hinge and the posterior muscle, 
becomes atrophied, while the posterior muscle, having double work 
to do, has doubled its size.^ 

The development of the foot, again, largely depends upon habits 



Fig. 300. — Illastrating changes in the position and size of the adductor muscles accord- 
ing to the shape of the shell : A, My a ; B, Modiola ; C, VuUelUi* The upper 
dotted line shows the hiuge-line, the lower connects the two muscles. 


of life. It is well developed in burrowing forms, while in sessile 
genera (Ostrea, Chama^ Spondylus) it becomes unnecessary and 
aborts. Even in Pecten^ which does not become sessile, but has 
ceased to use the foot as an organ of progression, a similar result 
follows Forms which burrow deeply often " gape ” widely, some- 
times at one end only, sometimes at both. VewiSt Donax, Teltina, 
Mactra, which are shallow burrowers, do not gape ; Solen, LtUraria, 
and to a less degree Mya, burrow deeply and gape widely. In 
order to burrow deeply the foot must be highly developed, and 
the larger it becomes, the more will it tend to keep the valves 
apart at the place where it is habitually protruded. Burrowing 
species always remain im communication with the sur&ce by tn^ns 
of their siphons, the eonstent extension of which tends to keep 
the valves apart at the end cq[>po8ite to the foot Burrowing 

^ ComfM Iftckson, Arrmr. Nat, xxv. p. 11 f. 
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qpeoies, ftgaia, tend to bucrow in each a iray a« to deeoimd moiri! 
easily, and not be impeded by their own shells; in other woicdfi^ 
they aot as a wedge, and descend with their narrowest part fore' 
most. Bat the burrowing organ, the foot, has to fcdlow 8mt,and 
gradually draws round to the narrowest part of the shdl, so that 
the habitual deep borrower, such as Ltitrwria, lies with its long 
axis exactly at right angles to the surface, its siphons protruding 
from, and keeping open, the uppermost or posterior margin of the 
shell, and the foot producing the same effect upon the lower 
or anterior margin. The deeper the borrower, the more elongated 
does the shell become, until, through fonns like Pholas and 
Saxieava, we arrive at Solen, the most highly specialised borrower 
of all, in which the breadth of the shell is equal throughout, 
and no obstructive curve exists to impede its rapid ascent or 
descent. 

The Pelecypoda have been classified in various ways ; by the 
completeness or sinuation of the pallial line, depending on the 
absence or presence of siphons, by the number of adductor 
muscles, by the character of the hinge-teeth, and by the number of 
the branchiaa For various reasons, none of these methods have 
proved entirely satisfactory. That adopted here was suggested by 
Pelseneer, and depends upon the character of the branchiae them- 
selves, as suggesting successive stages of development (p. 166 f.). 

Order L Frotobrancbiata 

Branchial filaments not reflected, the two rows inclined at a 
right angle (more or less), ventral surface of foot more or less 
flattened, byssogenous apparatus little developed, a single anterior 
aorta, kidneys distinct, sexes separate, each genital gland open- 
ing into the corresponding kidney. 

Fam. 1. jNueididae . — Labial p^ps very large, rows of branchial 
filaments at right angles to one another, mantle edges open, 
siphons contracted, foot disc-shaped, elongated ; shell equivalve, 
oval, or produced, interior generally nacreous, hinge with numerous 

saw-like teeth. Silurian Principal genera : Nwsvia (heart 

dorsal to the rectum) ; Palaeoneila (Devonian), (?) Sar^ta, Leda, 
Yoldda, UMelm; Tyndearia (Upp« ’I&^ixaj)J^odema (Silurian), 
JeHmdwta (Silurian), SaUnk* (Silurien> 

Fail 2. Solenom^idae . — Labial palps united, one row of 
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branchial fflamentB pointing doraally, the other ventrally; mantie 
edges in great part united postero-veutrally, a single siphonal 
orifice with two very long tentacles, foot proboscidiform, with a 
round den^culate disc at the end ; shell equivalvei resembling a 
Solen, with a strong corneous periostracum ; no hinge-teeth, liga- 
ment internal. Single genus, Solemmya. (?) Cretaceous- . 

Order U Filibranchiata 

Bows of branchial filaments parallel, pointing ventrally, re- 
flected^ and provided with interfilamentary ciliated junctions, foot 
usually with a well-developed byssogenous apparatus 

Sub-order I. Anoxniacea. — Heart dorsal to the rectum, a single 
aorta, foot small, anterior adductor very small ; shell ostreiform, 
no hinge-teeth, fixed by a calcified byssus traversing the right 
valve (Fig. 173, p. 262). 

Fam. Anomiidde, Jurassic . Genera: Ammi/i, PleLcuTta^ 

nomia; Carolia (Eocene), ; HypotTema(im'W^Q)fFlacun- 

opsis (Oolite). 

Sub-order TL Arcacea. — Mantle edge open, both adductors 
well developed, he^rt with two aortae, branchiae free, without 
interlamellar junctions, no siphons; renal and generative aper- 
tures distinct. 

Fam. 1. Arcadae . — Mantle edge with composite eyes; shell 
round or trapezoidal, solid, often with stout bushy periostracum ; 
ligament often external, on a special area ; hinge with numer- 
ous lamelliform teeth. Ordovician . 

l^rincipal genera : Area (incl. Barbatia, 
Scaphula, and Cucullaea), heart dorsal to 
rectum ; Peetuneulm, Glomus, Limopsis ; 
Trinacria and Nueulina (Tertiary). 

Fam. 2. Trigoniid<ie , — Foot large, 
hatchet -shaped, witti ventral disc; no 
byssus, mantle edge with ocelli ; shell 
sub-trigonal, hinge-teeth few, strong; in- 
Fio. Violet -nacreoua. Devonian 

ntUa Lam., Bydiiey, Genera ; Trigonia ; Myophoria and Schiz- 
odus (Trias), Cyrtonotus (Devonian). 

Sub-onler JH l^jrtilacea. — Mantle edges fused at one pomt, 
anal orifice distinct, anterior terminal adductor small, one aorta, 
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bt^nchiaa with interfoliary junctions, genital glands penetrating 
the side of tlie mantle and opening by the side of the kidneys. 

Fak. MytUidae . — Byssus well developed, shell more or less 

equivalve, oval, broad ; hinge^teeth evanescent Devonian-'- . 

Principal genera; MytilmJ Mycdina^ Septifer, Modida^ IMhodomm, 
Crendla, Dacrydium, Myrina, Idas, Modialaria, Msdiolama, 

Order m. BseudolamelUhraiiehiata 

Mantle edges entirely open, foot little devdoped, anterior 
adductor usually aborted, branchial filaments reflected, with inter- 
lamellar junctions, which are sometimes vascular ; genital glands 
opening into the kidneys or close to the apertures of the kidneys, 

Fam. 1. Avicididae, — Foot long, tongue-shaped, byssogenous 
apparatus well developed, branchiae concrescent with the mantle, 
adductor muscle sub-central, at times a small anterior adductor, 
siphons absent ; shell usually 
inequivalve, dorsal margin 
straight, often very long, 
winged, lateral teeth much 
prolonged ; structure of shell 
cellular, inside prismatic, out- 
side nacreous. Palaeozoic 

■ Princinal srenera * 302.— Awicwto h^u^roptstim L&in.i AustrAiia, 

^ . , . , ® , showing the inequivalve shell and byssal 

Avicida, including Melea- (6.a). 

yriria, Malleus; Vulsella (no 

wings or hinge- teeth) ; Perna, including Crenatida, Inoceramus 
(ligaments in a number of fossettes) ; Aucella and Moiwtis 
(Palaeozoic and Secondaiy) ; Pterinaea and Ambonychia (Palaeo- 
zoic) ; Pin9ia ; Aviculopinna (Carboniferous). 

Fam. 2. Prasinidae. — Shell very small, umbones anteiior, in- 
cuived, anterior side depressed, hinge*teeth replaced by dentifonu 
projections of the luiiule fitting into corresponding gitKives. 
Eecent. Single genus, Prctsina. 

Fam. 3, Ostreidae, — Heart generally ventral to the rectiun, 
branchiae conci*escent with the mantle, no byssus ; shell iue(pii- 

valve, fixed by the left valve, fonn iiTegular. Jurassic . 

Genera : Ostrea ; Heligrmis (Oolite), Naiadina (Cretaceous), Pem- 
ostrea (Jui-assic). 

Fam. 4. Peetinidac . — Byssus usually absent, mantle edge open. 
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duplicated/. folded back, with pallial ocelli; branchiae not con- 

cresoent with the mantle ; ehell 
with unequal “ ears ” at the umbo, 
hinge -teeth lamelliform, often ob- 
scure. Silurian Principal 

genera : Pedvm, Chlamys, Uinnitea, 
ffemipecten, Amimium,, Peeten; Avi- 
cvlopecten (Palaeozoic), Crenipeeten. 

Fam. 5. lAmidae. — Mantle edge 
as in Peeten, tentaculate ; shell 
sub-equivalve, eared, fixed by a 

byssus or frea Carboniferous 

Genera: Lima (Fig. 86, p. 179). 
JAmea. 

Fam. 6. Spondylidae. — Foot with 
a peduncular appendage, no 
byssus, numerous pallial ocelli ; shell fixed by right valve, 
surface often very spinose, two cardinal teeth in each valva 
J uiassic . Genera : Plicatvla, Spondylus ; Tergmmia (Lias). 




Fio. 304. — Spondylus 
peiroseUnum Sowb., 
Mauritius ; on a coraL 


Fam. 7. Dimyidae. — Shell ostreiform, fixed, hinge with or 
without symmetrical teeth, two muscular imptestdona Single 
genus, JHmya (Tertiary). 
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Order IV. Eulamellibraiicliiata 

Mantle edges united at one or more points, branchiae with 
interfilamentary junctions which are always vascular, genital 
glands not opening into the kidneys, usually two adductor 
muscles. 

Bub-order I. Bubinytilacea. — Mantle edges more or less open, 
anal orifice distinct, usually no siphons, pallial line usually simple, 
cardinal and lateral teeth well marked. 

Fam. 1. Carditidae, — Foot with a byssus or groove, branchiae 
large, unequal ; shell equivalve, solid, radiately grooved, one or 

two oblique cardinal teeth, one or two laterala Silurian . 

Principal genera: Venericardia, Cardita, Garditella, Carditopsis, 
Milneria ; Plettrophorus (Palaeozoic), Anodontopsis (Silurian). 

Fam. 2. Astartidae. — A short anal siphon, labial palps large ; 
shell triangular, thick, ligament external, hinge with two or 

three cardinals in each valve, laterals obscure. ? Devonian . 

Principal genera: Astarte ; Pachytypus (Jurassic), Pledastarte 
(Eocene), Parastarte, Woodia, Opts (Secondary strata), Prosocoelus 
(Devonian). 

Fam. 3. Crasmtellidae, — Mantle with anal orifice, or open; 
shell equivalve, thick, subtriangular, ligament in an internal fos- 

sette, hinge with two cardinals, laterals produced. Cretaceous . 

Principal genus, Crasmtella, 

Fam. 4. Cardiniidae. — Shell equivalve, oval or triangular, 
ligament external, cardinal teeth small, laterals fairly strong, 

Devonian Oolite. Principal genera : Cardinia, Anthracoda, 

Carhonicola, Anoplophora, 

Fam. 5. Cyprinidae, — Anal and branchial orifices complete, 
papillose, foot thick ; shell variable, equivalve, 
thick, umbones often spiral, hinge teeth very 

variable, ligament external. Jurassic . 

Principal genera; Cyprina; Pygocardia 
Veniella (Cretaceous), Venilicardia (Second- 
ary strata), Anisomrdia (Jurassic), Isocardia, 

Libitina, Coralliophaga ; Easter otia (Eocene). 

The families Pmhydomidae (Palaeozoic) and 
Megeiodordidm (Palaeozoic — Secondary) are 
probably related to the Cyprinidae. 

Fam. 6. Aetheriida ^, — Anal orifice complete, foot absent, labial 
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palps large; shell irregular, free or fixed, no hinge teeth. 
Fluviatile^ recent cndy. Genera : Aetheria, IfUtttria, JBartleUia. 

Faji. 7. Umonidae . — Foot large and thick, no byssns, anal 
siphon short, branchial orifice complete or not, siphon present or 
absent, embiyo of certain groups passing through a gloehddium 
stage (p. 146); shell equivalve, sometimes very thick, nacreous 

within, hinge variable. Fluviatile. Jurassic . Principal 

genera : Vmo (suhg. Areonaia), Monoeondylaea, Paeudodon, Ano~ 
donta, Soknaia, Mycetopus, Mviela, Spatha, Syria, Cattalia, Lada. 

Fam. 8. Dreisaetmidae . — ^Both siphons prominent, foot tongue- 
shaped, byssiferous ; shell mytiliform, with small internal s^tum. 
Genera: JDreiaaenaia ; Dreiaaenaiomya (Tertiary). The common 
Dreiaaenaia polymorpha Fall was distributed over large parts of 
Europe in later Tertiary timea From unknown causes it died 
out, and has during the past two hundred years been regaining its 
position, migrating K and W. ixom its original habitat, the 
Caspian, by the Volga and its Oka confluent. 

Faji. 9. Modiolopaidae . — Shell mytiliform, ligament exterior, 

hinge teeth small, rather numeroua Palaeozoic Principal 

genera : Modiolopaia, Cyrtodonta, Mytilopa, Ftychodeama. 

Fajl 10. Lwinidae . — Anal orifice sometimes with a siphon, 
branchial orifice complete or not, sometimes a single branchia ; 
foot very long, vermiform, no byssus, anterior adductor long; 
shell rounded, equivalve, blanched, hinge with two cardinals and 
two laterals in each valve, sometimes toothless, ligament more or 

less internal Silurian . Principal genera : Lucirut,, Corbia, 

Aadniia, IHplodonta, MontaetUa. 

Fajl 11. Uhgvlinidae . — Anal orifice complete, foot vermiform, 
no byssus, two branchiae; shell equivalve, subcircular, hinge 
teeth variable, no laterals, adductor impressions long, continuing 
the pallial line. Tertiary . Single genus, Ungviina. 

Fajl 12. Unicardiidae . — Shell equivalve, round or oval, 
nardinal shelf large, a single cardinal in each valve, ligament 
external Carboniferous — Cretaceous. Genera : Unicardivm, 
Secddia, Paeudedmondia. 

Fail 13. KeUyellidae . — An al siphon prolonged, no marked 
branchial orifice ; shdl very small, oval or round, anterior lat^al 

very strong, under the cardinal Eocene Genera : Kdly- 

dla; AUopagua and Lvietia (Tertiary), Turtowicu 

Fau. 14. Erydmdae. — Mantle edges with three apertum, 
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branchial orifice on the buccal margin, foot long, broadened^ xirith 

a byflsufl^ animal usually viviparoua Tertiary Qenara: 

Erycina, Kellia, Pythina, Lasaea, Lepton, 

Fam, 15. 0(deornrmd€Le , — ^Mantle edges more or less reflected 
over the shell, apertures and foot as in Erycinidae ; shell thin, 

equilateral, binge with few teeth or none. Tertiary . 

Genera : Ocdeomma, Scintilla, Sportella, Chlamydoconcha, Hinds- 
iella, Ephippodonta (Fig. 32, p. 81). 

Fam. 16. Cyrenidae, — Siphons short, foot large, no byssus; 
shell equivalve, subtriangular, with periostracum, hinge with two 
or three cardinals, laterals present; animal hermaphrodite, 

viviparous. Fresh or brackish water. Jurassic . Genera: 

Cyrena, Corhicibla (subg. Batissa, Velorita), Sphasrium ( = Cyclas), 
Piddium, Galatea, Fischeria, 

The families CyreneUidae (single genus Cyrenella) and 
Eangiidae (single genus Bangia) are probably to be placed here. 

Sllb-*order II. Tellinacea. — Siphons long, separate, foot and 
labial palps very large, pallial sinus deep, two adductor musclea 
Fam. 1. Tellinidae, — External branchial fold directed dorsally, 
foot with byssogenous slit, but no byssus, branchiae small ; shell 
compressed, equivalve, ligament external, at least two cardinals 

in each valve, laterals variable. Cretaceous . Principal 

genera : Tellina (with many sections), Gastrana. 

Fam. 2. Scrohicvlariidae, — ^Animal as in Tellina ; shell orbicu- 
late or long oval, equivalve, 
hinge teeth weak, liga- 
ment in an internal cavity. 

Tertiary , Prin- 

cipal genera : Scrobicu-’ 
laria, Syndosmya, Theora, 

Curningia, Semele, 

Fam. 3. Donasidae, — 

External branchial fold 306.— TVCina radeUnm Haul., East Indies, 
directed ventrally; shell 

equivalve, subtriangular, solid, smooth, two or three cardinals in 
each valve, laterals variable, ligament extemaL Jurassic—. 
Genera ; Donaa^, Iphigenia, Isodonta, 

Fam. 4. Tancrediidae, — Shell donaciform, ligament external, 
cardinals usually two in each valve, posterior laterals strong. 
Trias Genera : Taneredia (Secondary strata), Hemidonax. 
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Tam. 6, OardUiidae , — Shell heart-shaped, hinge as in Mactridaie, 
posterior adductor resting on a myophore or shelf. Single genus, 
Cardilia. Tertiary . 

Fam. 6. Mesodesmatidae , — Mantle edges largely united, with 
three orifices, foot byssiferous or not ; shell regular or irregular, 

usually one cardinal and strong lateral teeth. Tertiary- , 

Genera : Mesodesmct, Ervilia, 

Fam. 7. Mcwtridae . — External branchial fold directed ven- 
trally, siphons fused, foot tongue - shaped ; shell equivalve, 
triangular-oval, hinge with ligament in an internal fossette, 
another portion external, a bifurcated cardinal tooth in the left 
valve, fitting into a branching tooth in the right valve, laterals 

present. Jurassic . Genera*: Mactra, Harvella, Raeta, 

Eastmiia, Heterocardia, Vangmiella, 

Sub-order IIL Veneracea. — Branchiae slightly folded, foot 
compressed, siphons generally short, pallial line variable, two 
adductor muscles. 

Fam. 1. Verieridde , — Siphons free or partly united, foot 
seldom byssiferous ; shell solid, equivalve, hinge usually with three 

cardinal teeth, laterals variable. 

J urassic . Principal genera : 

Cythereay Circe ; Grateloupia (Ter- 
tiary), Meroe, Dosinia ( = Arternis), 
Cyprimeria, CycHna, Ve7ius, dem- 
entia, Lucinopsis ; Thetis (Creta- 
ceous), Tapes, Venerujyis, 

Fam. 2. Fetricolida^i, — Animal 
Fxa.307.-c^ih.readianei^m..v.r«. perforating rocks ; shell oval, 

slightly gaping behind, two or three cardinals, no laterals, 

pallial sinus well marked, Eeceiit Genera : Petricola, 

Naranio, 

Fam. 3. Glaucomyidae . — Siphons long, united, foot small; 
shell produced, thin, hinge with three cardinals, no laterals, 
pallial sinus well marked, liecent. Genus, Glaucomya (incl. 
Tanysiphon). 

Sab*order IV. Oardiacea. — Branchiae much folded back, 
mantle edges with three aj)ertures, foot cylindroidal, more or less 
produced, siphons present or absent, one or two adductor muscles, 
pallial line variable. 

Fam. 1. CardtwZae.— Siphons rather long, foot long, no 
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byBsus ; shell equivalve, more or less radiately ribbed^ hmge with 
one or two cardinals in each valve, laterals variable, ligament ex-^ 

temal, two adductors. Brackish water or marine. Devonian 

Genera : Byssocardium and Idthocardium (Tertiary), Cono^ 
cwrdium (Palaeozoic), Cardium (with 
many sections, including Hemicar* 
dium), Limnomrdiuvi (subg. Didmna^ 

Monodojcnat Ad(wna). 

Fam. 2. Lunulicardiidae. — Shell 
equivalve, very inequilateral subtri- 
angular, anterior margin short or trun- 
cated, with a deep lunule. Single genus, 

Lunulieardium (Palaeozoic). 

Fam. 3. Tridacnidae. — Mantle ori- 
fioes widely separated, f^t short, bys- 308 . - 
siterous, no anterior adductor ; shell dium) cardUm L., East Indies, 
equivalve, large, thick, usually gaping 

in front, one cardinal tooth and one or two posterior laterals in 

each valve, no pallial sinius. Miocene . Genera : Tridacna, 

Hippo^nis. The muscular power of the great Tridmna is immense. 
Once caught between their gaping valves, a man's hand or foot 
can scarcely be withdrawn. Two valves of T. gigas in the British 
Museum weigh respectively 154 and 156 lbs. 

Fam. 4. Ghamidae, — Mantle orifices widely separated, foot 
short, no byssus, both adductors present, ovary invading the 

f mantle lobes; shell fixed, irregu- 
larly inequivalve, umbones spiral, 
ligament external, cardinal teeth 
often a mere ridge, anterior lateral 
strong, nearly central, no pallial 

sinus. Jurassic . Genera: 

Charna; Dicenis (Jurassic), attached 
by one umbo, umbones very promi- 
nent, teeth strong ; Heterodiceras 
Requienia (Cretaceous), 
Neocominn, x i ; B, Mippurites left valve widely spiral, attached 

xi. a, right valve;/; point of fix- ^7 <^^6 umbo, right valve small, 
ture. (From Zittei.) fitting on the other as an oper- 

culum, teeth obsolete ; Totcccma, Apricardia, Matheronia (all 
Secondary strata). 
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The four succeeding families require special study in a work 
on Palaeontology. 

Fabl 6* Monopleuridae. — Shell very inequivalve, left valve 
operculiform, right conical or spiral, fixed at the apex, ligament 

prolonged in external groovea Cretaceous Genera: 

Mowpleura^ ValUtia, 

Fam. 6. Caprinidae, — Shell very inequivalve, thick, free or 
fixed by apex of right valve, which is spiral or conical, left valve 
spiral or not, often perforated by radial canals from the umbo to 

the free margin. Neocomian and Cretaceous Principal 

genera : HcLgioptychus, Gayrina, Ichthyosarcolites, Caprotina, 
Polyconitei. 

Fam. 7* Hippuritidae, ( = Rudistae), — Shell very inequivalve, 
externally as in Caprinidae, umbo central in left valve, no liga- 
ment proper, left valve with strong hinge teeth and grooves, two 
adductor impressions on prominent myophores, shell structure 
of the two valves differing. Cretaceous only. Single genus, 
Hippurites (Fig. 309, B). 

Fam. 8. Radiolitidae, — Shell inversely conical, biconical, or 
cylindrical, general aspect of Hippurites, umbo of left valve 
central or lateral, right valve with a thick outer layer, often 
foliaceous, umbonal cavity partitioned off by laminaa Cretaceous 
only. Genera : Radiolites, Biradiolites. 

Sub-order V. Myacea. — Branchiae much folded back, mantle 
edges usually with three openings, foot compressed, siphons large, 
united or not, two adductor muscles, pallial line variable. 

Fam. 1. PsamToohiidae, — Siphons long, not united, foot large, 
not byssiferous; shell equivalve, long, oval, slightly gaping at 
the ends, ligament external, prominent, two cardinal teeth in 

each valve, no laterals, a deep pallial sinus. Jurassic . 

Genera : Psammohia, Solenotellina, Sanguinolaria, Asaphis, Blizia, 
Quemtedtia (Jurassic). 

Fam. 2. Myidae. — ^Pedal orifice small, siphons long, united in 
great part ; shell inequivalve, gaping at one or both ends, perio- 
stracum more or less extensive, ligament internal, resting on 

a prominent shelf; hinge teeth variable. Cretaceous . 

Grenera: Jfcfya, Tugonia, Sphenia, Corhida, Lutraria (for which 
latter some propose a separate family). 

Fail 3. Sdenidae. — Foot long, powerful, more or less cylindri- 
cal, no byssus, siphons usually short, united or not, branchiae 
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narrow ; shell equivalve, long and narrow, gaping at both ends, 
with periostracum, imibones flattened, ligament external, hinge 
teeth variable. ? Devonian Genera : Solecwrtvs^ Phare^, 


Phams, Cvltellus, Siliqua, Ensis, Solen, 
Orthonota (?), Palaeosolen (?). 

Fam. 4. Glycimeridae, — Pedal orifice 
very narrow, siphons long, united in great 
part, often covered with periostracum; 
shell more or less equivalve, gaping at 
both ends, hinge toothless or with two 
weak cai'dinals, ligament external ; animal 

free or perforating. Cretaceous . 

Genera ; Glycimeris, Saxicava, Cyrtodaria. 

Fam. 5. Gastrochaenidae. — Foot small, 
cylindrical, no byssus, branchiae narrow, 
siphons long ; shell perforating or 
cemented to a shelly tube, gaping widely 
on the anterior and ventral sides, no 
hinge teeth, a deep pallial sinus. Cre- 
taceous . General: Gastrochaena, 

Fistviaria (tube with a median diaphragm, 
perforated by the siphons). 

Sub-order VI. Pholadacea. — Mantle 
edges largely closed, siphons long, united, 
foot short, truncated, disc-shaped, liga- 
ment absent, two adductor muscles ; 
animal perforating. 

Fam. 1. Pholadidae, — Organs con- 
tained within the valves, ctenidia 
prolonged into the branchial siphon, 
shell more or loss gaping, thin, dorsal 
margin in part reflected over the um- 



bones, one or more dorsal accessory pieces, fiq. sio.— Tfercrfo namlis L.: 


no hinge teeth, an interior apophysis 

proceeding from the umbonal cavity. (iiter Mablus.) 


Jurassic . Genera: Pholas, TaloTia, 


Pholadidea (posterior extremity of the valves prolonged by a 
corneous appendage, a passage to the long tube of Teredo), 
JovAinnetia, Xylofhaga, Marteeia ; Teredina (Eocene). 

Fam. 2. Teredinidae — Animal vermiform, ctenidia mainly 
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within the branchial siphon, siphons very long, with two cal- 
careous appendages (" pallets ”) near the anterior end, shell very 
small, continued into a long calcareous tube, valves deeply notched, 

internal apophysis as in Pholadidae. Lias . Single 

genus. Teredo (Fig. 310). 

Sub-Border VII. Anatinacea. — External branchial fold directed 
dorsally, Uot reflected, sexes united, ovaries and testes with sepa- 
rate orifices, mantle edges largely united, byssus usually absent, 
two adductor muscles, pallial line variable, shell usually nacreous 
within. 

Fam. 1. Pandoridae. — Siphons short, largely united, foot 
tongue-shaped ; shell freC or fixed, inequivalve, semilunar, or 
subtriangular, ligament often with calcareous ossicle, pallial line 

complete or with slight sinus. 

Cretaceous . Glenera : Pan- 

dor a. My odor a, Myochama, 

Fam. 2. Chamostreidae, — Shell 
fixed, CAawrt-like, thick, umbones 
spiral, ligament witli ossicle. 
Single genus, Chamostrea. 

Fam. ?). Vertieordiidae, — 
Siphons not prolonged ; shell 
heart-shaped, umbones prominent, 
spiral, ligament with an ossicle, 
pallial line complete. Miocene 
. Genera ; Verticordia, 



Fig. 311 . — Myochania Stutchburyi A. 
Ad., attached to Circe undatina 
Lam., Moreton Bay. 


Mytiliineria, Lyonsiella. 

Fam. 4. Lyonsiidae. — Foot short, l)y8aiferou8, siphons short, 
separate, shell inequivalve, hinge teeth usually absent, ligament 

Eocene . Single genus. 


Jind ossicle in an internal groove. 


Tyonsia, 

Fam. 5. Ceromyuhu, — Shell inequi valve, large, heart or wedge- 
shaped, hinge toothless, ligament internal in one valve, external 
in the other. Secondary strata . Genera : Ceromya, Gresslya. 

Fam. 6. Arcomyidm. — Shell equi valve, thin, surface finely 
granulated, hinge toothless, cardinal edge dentiform, ligament 

external. Secondary and Tertiary strata . Genera : Arcomya, 

Goniomya^ Pleuromya, Mcbchomya. 

Fam. 7- Anatinidae. — A fourth (? byssal) pallml orifice, siphons 
long, separate or fused ; shell thin, sometimes inequivalve, exterior 
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often granulose, ligament often with ossicle, binge toothless or 

with lamellae. Jurassic . Genera; Anaivm, Flectomya 

(Secondary), Periploma, Cochlodesma, Thraeia, TyUria, Alima, 
Asthenothaerus. 

Fam. 8. Orammyaiidcu . — Shell equivalve, oval, ligaunent 
external, cardinal margin straight, toothless, pallial line complete. 

Palaeozoic . Principal genus, Oranmysia, with many other 

genera of toothless hinge, but whose exact amities are uncertain. 

Fam. 9. Promardiidae — Shell thin, equivalve or not, radiately 
ribbed, margins dentated, subumbonal area as in Area, hinge 
toothless. Palaeozoic . Principal genus, Praecardium. 

Fam. 10. Pholadomyidae . — A fourth pallial orifice, siphons 
very long, united, foot small ; shell thin, equivalve, with radiating 
ribs, ligament external, hinge toothless, pallial' line sinuate. 
Jurassic Single genus, Pholadomya. 

Fam. 11. Clavagellidae . — Foot rudimentary, siphons long, 
united, contained in a long calcareous tube ; shell small, one or 
both valves soldered in the tube, tube with a centrally fissured 
disc at the anterior end, more or less frilled at the posterior 
end. Cretaceous Genera : Clavagdla, Srechitea ( = Asper- 

gillum). 


Order y. Septihranchiata 

Mantle edges united at three points, branchiae replaced by a 
muscular septum extending from the anterior adductor to the 
point of separation of the siphons, septum with symmetrical 
orifices. 

Fam. 1. Poromyidae . — Branchial septum with groups of 
UniBllftp. between the orifices, labial palps large, foot long and 
narrow, siphons short, papillose, separated, animal hermaphrodite ; 
shell small, slightly inequivalve, rounded or oblong, nacreous 
within. Eocene . Genera : Poromya, Silenia. 

Fam. 2. Cuspidariidae . — Siphons long, united in part, foot short, 
animal dioecious ; shell small, slightly inequivalve, rostrate, not 
nacreous, each valve with ligamentary cartilage spoon-shaped, with 
a calcareous ossicle, cardinal and lateral teeth present or absent. 
Jurassic — . Single genus, Cuspidaria, with many sections. 
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within th^ branchial siphon, siphons very long, with two cal- 
careous appendages (“ pallets '*) near the anterior end, shell very 
small, continued into a long calcareous tube, valves deeply notched, 

internal apophysis as in Pholadidae. Lias . Single 

genus, Teredo (Fig. 310). 

StllMXEder Vn. Anatinacea* — External branchial fold directed 
dorsally, not reflected, sexes united, ovaries and testes with sepa- 
rate orifices, mantle edges largely united, byssus usually absent, 
two adductor muscles, pallial line variable, shell usually nacreous 
within. 

Fam, 1. Pandoridae. — Siphons short, largely united, foot 
tongue-shaped; shell fi'ee or fixed, inequivalve, semilunar, or 
subtriangular, ligament often with calcfireous ossicle, pallial line 

complete or with slight sinus. 

Cretaceous . Genera : Pan- 

dor My odor a, Myochama. 

Fam. 2. Chamostreidac, — Shell 
fixed, C//rtmrr-like, thick, umbones 
spiral, ligament with ossicle. 
Single genus, Chamostrea. 

Fam. 3. Vertieordiidac, — 
Siphons not prolonged ; shell 
heart-shaped, umbones prominent, 
spiral, ligament with an ossicle, 
pallial line complete. Miocene 

. Genera ; Verticordia, 

MyfAU m eri a, Lyonddla. 

Fam. 4. Lyonsiidm, — Foot short, l)yssiferous, siphons short, 
separate, shell inequivalve, liinge teeth usually abs(mt, ligament 

and ossicle in an internal grwve. Eocene . Single genus, 

Lyonsia, 



Fia. 311 . — Myochama Stutchbwnfi A. 
Ad., attached to Circe mndaivna 
Lam., Moreton Bay. 


Fam. 5. Geromyidae., — Shell inequivalve, large, heart or wedge- 
8haj>ed, hinge toothless, ligament internal in one valve, external 

in the other. Secondary strata . ( Jeiiera : Ceromya, Gresslya, 

Fam. 6. Arcomyidae. — Shell equivalve, thin, surfac?e finely 
granulated, hinge toothless, cardinal edge dentiform, ligament 

external. Secondary and Tertiary strata . Genera : Arcomyaj 

Goniomya, Pleuromya, Machomya, 

Fam. 7. Anatimdae — A fourth (? byssal) pallial orifice, siphons 
long, separate or fused ; shell thin, sometimes inequivalve, exterior 
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often granolose, ligament often with ossicle, hinge toothless or 

with lamellae. Jurassic Genera : Anaiina, Hectomya 

(Secondary), Periploma, Cochlodesma, Thraeia, Tyleria, Alicia, 
Asthcnothamis. 

Fam. 8. Orammyciidae . — Shell equivalve, oval, ligament 
external, cardinal margin straight, toothless, pallial line complete 

Palaeozoic . Principal genus, Orammysia, with many other 

genera of toothless hinge, but whose exact affinities are imcertain. 

Fail 9. Fraecardiidae — Shell thin, equivalve or not, radiately 
ribbed, margins dentated, subumbonal area as in Area, hinge 
toothlesa Palaeozoic . Principal genus, Praecardium. 

Fam. 10. Pholadomyidae . — A fourth pallial orifice, siphons 
very long, united, foot small ; shell thin, equivalve, with radiating 
ribs, ligament external, hinge toothless, pallial' line sinuate. 
Jurassic . Single genus, Pholadomya. 

Fam. 11. Clavayellidae . — Foot rudimentary, siphons long, 
united, contained in a long calcareous tube ; shell small, one or 
both valves soldered in the tube, tube with a centrally fissured 
disc at the anterior end, mol's or less frilled at the posterior 

end. Cretaceous Genera : Clavagella, Breehites ( = Asper- 

gUlum). 


Order V. Septibranchiata 

Mantle edges united at three points, branchiae replaced by a 
muscular septum extending from the anterior adductor to the 
point of separation of the siphons, septum with i^mmetrical 
orificea 

Fam. 1. Poromyidae . — ^Branchial septum with groups of 
lamellae between the orifices, labial palps large, foot long and 
narrow, siphons short, papillose, separated, animal hermaphrodite ; 
shell small, slightly inequivalve, rounded or oblong, nacreous 
within. Eocene . Genera : Porotnya, Silenia. 

Fam. 2. Citspidariidae . — Siphons long, united in part, foot short, 
animal dioecious ; shell small, slightly inequivalve, rostrate, not 
nacreous, each valve with ligamentary cartilage spoon-shaped, with 
a calcareous ossicle, cardinal and lateral teeth present or absent. 
Jurassic——. Single genus, Cusptdaria, with many sections. 
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Introduction 

The group Brachiopoda owes its chief interest to the immense 
variety and great antiquity of its fossil forms. Whereas at the 
present time the number of extant species amotmts to but about 
120, Davidson in his admirable monograph^ on the British 
Fossil Brachiopoda has enumerated close upon 1000 fossil species, 
found within the limits of the United Kingdom alone. 

The amount of interest that the group in question has 
excited amongst naturalists is evinced by the invaluable Biblio- 
graphy of Brachiopoda, prepared by the same author and his 
friend W. H. Dalton.® This monument of patient research con- 
tains over 160 quarto pages, each with the titles of from 
eighteen to twenty separate papers dealing with Brachiopoda, 
published between the years 1606 and 1886. 

Probably the first reference to Brachiopoda in zool(^ical 
literature is to be found in a work entitled AquatUiim et 
Terrestrium aliqwt Animalium, published in the year 1606 by 
Prince Fabio Colonna at Borne. This work contains the first 
description of a Brachiopod under the name of Connha diphya. 
In a second edition, which is not so rare in our libraries as the 

1 " A Honograpb of the British Fossil Brachiopoda," IWatontogrttphieol SoeSdy, 
London, T(da L*t. 1861-84. 

* Old. Td. Ti. 1888. 
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first, the author mentions three more species of Brachiopoda 
Towards the end of the same century, Martin Lister of Oxford, 
in his ffistoria sive Synopsis methodica Conchyliorvm, which 
appeared in parts, described and figured a considerable number 
of Bracbiopods, which, under the name of Anomia, were until 
the present century regarded as Molluscs, and placed in the sub- 
division Pelecypoda (Lamellibranchiata). 

The first satisfactory figure and description of a Terebrattda 
were published in the year 1766, in Pallas’ Miscellanea Zoologica^ 
still imder the name Anomia. In 1781 O. F. Muller figured a 
Crania under the name Patella anomala, the generic name being 
subsequently altered by Cuvier into Orbicvla. 

Brugui^re in the year 1789 was the first to recognise the 
relationship between Lingvla and the other Bracbiopods. He 
for the first time saw the stalk of this genus, and compared it 
with that of the stalked Barnacles, a class of animals which has 
been more than once associated with our group. 

Cuvier, in his Mimoire sur VAnatomie de la Lingide, 1797, 
gave the first account of the internal anatomy of a Brachiopod. 
The same naturalist first described the nephridia, although his 
mistake in considering them lateral hearts was not rectified until 
the middle of the present century, when Huxley pointed out that 
these structures serve as excretory ducts for the genital products. 

Dum^ril in 1807 proposed the somewhat unfortunate name 
of Brachiopoda *, and although efforts have been made by 
de Blainville, who suggested Palliobranchiata, and more recently 
by Haeckel, who proposed Spirobranchiata, to arrive at a name 
which would be both grammatically and physiologically more 
correct, the older name has maintained its position, and is now 
universally in use. • 

In 1834 and 1835 Professor Owen published the results of 
his researches into the anatomy of the Brachiopoda. He investi- 
gated in these years the structure of Waldheimia jlavescens, of a 
species of Lingvla and of a Discina, called by him Orhicula. He 
regarded the group as midway between the Pelecypoda and the 
A^idians. The structure, of Lingvla was further investigated 
by Carl Vogt, who in 1851 also supported the view that the 
Brachiopoda were related to the Mollusca. But already in 1847 
and 1848 Steenstrup had thrown doubts upon this relationship, 
and had maintained that the Order was more closely related 
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to certain members of the Ghaetopoda, a view which afterwards 
found its ablest supporter in the American naturalist Morse. 

D’Orbigny seems to have been the first observer who drew 
attention to the resemblances alleged to exist between the 
Brachiopoda and the Polyzoa^ and Hancock^ in his masterly 
works On the Anatomy of the Freeh-water Bryozoa iPolyzo<i) and 
in his OrganieoMon of the BrcLchiopoda, dwelt on these resem* 
blances, and placed the Brachiopoda between the Polyzoa on the 
one hand and the Ascidians on the other ; a collocation which 
subsequently resulted in their inclusion in the now discarded 
group of Molluscoidea. 

In 1854 Huxley^ published what is, with the possible 
exception of Hancock’s monograph, mentioned above, the most 
important work upon the anatomy of the Brachiopoda with 
which we are acquainted. He corrected numerous errors of his 
predecessors and added many new facts to our knowledge of 
the group. He was the first to describe the true nature of the 
lateral hearts of Cuvier, and to describe the true heart, afterwards 
so carefully figured by Hancock. 

A furtW step was made in 1860 and 1861 by the discovery 
and description of the larvae of Brachiopoda, by F. Miiller and 
Lacaze-Duthiers. Since that time we owe what little advance 
has been made in the embryology of the group to the researches 
of Morse and of Kowalevsky. 

Modern methods of research — section cutting, etc. — -were 
first applied to the group by the Dutch naturalist, van 
Bemmelen,* from whose admirable historical account of our know- 
ledge of the group many of the above facts have been gathered. 
These methods have thrown considerable light upon the histology 
of the group, but have not added very much to our knowledge of 
the structure or the affinities of the Brachiopoda. The modern 
views as to the latter point may be best discussed after some 
account of the anatomy of the various genera has been given. 

The Shell 

The body of a Brachiopod is enclosed within a bivalve shell, 
but the two halves are not, as they are in the Pelecypoda, 

^ ** Oontributious to the Anatomy of the Brachiopoda,'* Proc. Jtoy. Sog,^v6L viL 

‘ ^^Unteranohungen liber den anatomischen a. hiatologischen Ban der Brachio 
podaTeaticardmia,'* Jenaiaehe Zeitsckrift^ toI. xvi., 188S. 
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one on each side of the body, but occupy a different position 
with regard to the main axes of the body. What this position 
is, has formed the subject of a good deal of discussion. For our 
purpose, however, it will suffice to distinguish the two valves by 
the most commonly accepted terms of dorsal and ventral. The 
former is, as a rule, the smaller of the two, and usually lies 
on the lower surface of the animal in life. Adopting the orienta- 
tion indicated above, the stalk by means of which the Brachio- 
poda are attached to the rocks and stones, etc., upon which 
they live, becomes posterior, and the broader edge of the two 
shells, which are capable of being opened to some extent, is 
anterior. 

The posterior end of the shell usually narrows, and the 
ventral valve projects behind the dorsal, and may be produced 
into a sort of beak or funnel, through the aperture of which the 

Fig. 312. — Four specimens of 
Terdytaiulina mput aerpen- 
tiSf attached to a water- 
logged piece of wood, from 
the Clyde area. 



stalk protrudes. This aperture may be completed by the ventral 
shell, or the latter may only be notched, in which case the hole 
is completed by tlie posterior edge of tlie dorsal shell 

The nature of the shell has been used in classifying the 
group into two orders : — 

I. The Ecardines, whose shell is chitinous but slightly 

strengthened by a deposit of calcareous salts. There 
is no hinge and no internal supports for the arms. 
The alimentary canal terminates in an anus. 

II. The Testicardines, whose shells are composed of calcareous 

spicules. The valves are hinged together, and there 
is usually an internal skeleton supporting the arma 
There is no anus. 

The outside of the shell of recent Brachiopods is often smooth, 
but many are ridged. In a recent species, BhymhoneUa Doder^ 
leini from Japan, Davidson ' has described a number of q)ine8 

^ ** On a living Spinose Hhyndumdkk from Japan,” Ann, Mag, Nai, Uisl,, 6th 
ger. Tol. xviL 18 S 6 . 
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arranged in concentric circles on the ribbed shell. They are not 
so long as the spines irregularly scattered on the shell of Bh. 
spinosa from the Jurassic formations. Some shells are brightly 
coloured, as, for instance, the various species of Cistdla which 
live on the coralline rock in the Mediterranean ; these exhibit 
bands or rays of alternate orange and bright pink. On the 
other hand, the shells of TerehraMa vitrea are of a slightly trans- 
lucent white, and of the utmost delicacy. They are very large, 
so that the cavity within the valves is of much greater size than 
the body of the animal, but in other genera the soft parts are 
packed very closely, and there is but a very small mantle-cavity 
or space within the shell unoccupied by the body of the animaL 
It is, however, more common for the shells of Brachiopods to be 
of a dull yellowish colour, and to be somewhat massive. Most 
species are attached by a pedicle or 
stalk to some rock or stone at the 
bottom of the sea, but in some, as in 
Crania, the ventral valve becomes 
closely adherent to its support, so 
much so that it is difficult, or impos- 
sible, to remove the animal without 
leaving the ventral valve behind. 

Lingula, like Crania, one of the 
Bcriine., live, ie (Kg, 321, 

p. 483), and does not use its long in Loch Pyne. The topmost 
pedicle to adhere to any fixed object. 

The outline of the shell varies extremely. It may be almost 
round or prolonged along either axis ; the edges of the valves 
may be smooth or fluted in correspondence with the ridges and 
grooves of the outside of the shell. 

On the inner surface of the shell of the Testicardinate Brachiq- 
poda, at the hinder end of the ventral valve, are two lateral 
teeth, which fit into corresponding sockets in the dorsal valva 
These form a hinge, which in many cases is so arranged as to 


permit the shell to be opened to only a very limited extent. 
There are also certain plate-like processes which project into the 
lumen of the shell, and help to support various portions of 
the body ; and in Terebratula, Waldheimia, etc., these form a 
complicated band-like loop, which increases in complexity with 
advancing age, and serves to supj)ort the arms. In the extinct 
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Spirifera the internal skeleton takes the form of two spirally 
coiled lamdlae, which almost entirely fill the cavity of the shell ; 
the apices of the spirals point outwards (Fig. 330). The inner 
surfiice of the shell also bears the marks of the insertion of the 
numerous muscles which govern its movements. 

Microscopic examination of thin sections of the shell shows 
that it consists of small prisma or spicules of calcareous sub- 
stance, whose long axis lies, roughly speaking, at right angles to 
the surface of the shell These spicules are held together by 
an organic matrix, in which, however, no cellular elements can 
be detected. In sections made through a decalcified shell the 
position of the spicules which have been dissolved by the acid is 
indicated by spaces, and the matrix remains as a network of fibrils, 
which end on the outside in a thin cuticular layer of organic 
matter. In Lingula and Discina the organic matter takes a 
much larger share in the formation of the shell, which in these 
genera consists of a number of alternating layers of horny and 
calcareous matter. The former is described by Gratiolet as 
fibrillated, the fibrils being obliquely placed, whilst the latter 
consists of a number of small prisms set at right angles to the 
surface of the shell 

In many genera, as in T&relratvla, Terebratdla, Cistella, 
Waldheimia, Crania, etc., the shell is pierced by a number of 
small canals (Fig. 314), which in the dried specimens form so 
many open pores, but in the living animal contain prolongations 
of the mantle or body wall which secretes the shell. They con- 
tain extensions of the layer of epithelial cells which lines and 
secretes the shell The canals come to the surface and at 
their outer end are often slightly swollen. They are closed by 
the cuticular layer which is mentioned above as covering the shell 
externally. They are not found in the loops or other internal 
processes of the shell In Crania the canals depart to some 
extent from the usual type ; instead of running a straight course 
to a somewhat swollen outer end, they break up into a number 
of very fine branching tubules, which form a very minute mesh- 
work near the surface of the shell. These fine branches con- 
tain protoplasmic fibrils, which have their origin in the epithelial 
oells which lie in the tubules. 

By carefully counting the number of tubules in a given area 
of young and old specimens of Waldkeimia cranium, van Bmn- 
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melen^ was able to show that the spaces between the tubules 
did not increase with age. He therefore reasoned that the shells 
of Brachiopoda do not increase by intussusception, and that their 
increase in size must be entirely due to additions made round 
their free edge. 

The function of the tubules has been a matter of some dis- 
cussion. They have been regarded as respiratory organs, but it 
would seem more reasonable to suppose that they serve as organs 
to supply nourishment, etc,, to the organic matrix of the sheU.^ 

With the exception of the genus Crania, it is usual for 
Brachiopods to bear round the edge of their mantle rows or bundles 
of chitinous setae or bristles (Figs. 315 and 3 1 9). The length and 
arrangement of these structures vary in the different species ; they 
are secreted from little pits in the edge of the mantle. It seems 
probable that they serve to some extent as organs of defence, 
especially in the larva, where they maJ^e their appearance at an 
early stage ; possibly they also serve as a filter, and prevent the 
entrance of foreign bodies into the shell. Their presence has 
been taken to indicate a certain degree of affinity between Brachio- 
pods and Ghaetopods, since setae are very characteristic of the 
last-named group. 


The Body 

The shell of a Brachiopod is secreted partly by the general 
surface of the body which is situated at the hinder end of the 
shell, and partly by the two leaf-like extensions of the body, 
which are termed the dorsal and ventral mantles. These are, in 
fact, folds of the body wall, and into them the body cavity and 
(jertain of its contents, such as the liver and generative glands, 
etc., extend. The space between the two folds of the mantle, 
which is limited behind by the anterior wall of the body, is 
termed the pallial or mantle cavity. On each side of the middle 
line the anterior wall of the body is produced into two " arms,” 
which occupy as a rule a considerable part of the mantle cavity. 
These arms may be but flattened portions of the general body 
wall, which occupies a large part of what in other genera is the 

* Xoc. eU. p. 465. 

* Shipley, “ On the Structure and Development of Argiope,*' MiU, aw d. Zod, 
8UU, w iVeap. Bd. iv. 1888. 
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Spirifera the internal skeleton takes the form of two spirally 
coiled lamellae, which almost entirely fill the cavity of the shell ; 
the apices of the spirals point outwards (Fig. 330). The inner 
surface of the shell also bears the marks of the insertion of the 
numerous muscles which govern its movementa 

Microscopic examination of thin sections of the shell shows 
that it consists of small prisms or spicules of calcareous sub- 
stance, whose long axis lies, roughly speaking, at right angles to 
the surface of the shell These spicules are held together by 
an organic matrix, in which, however, no cellular elements can 
be detected. In sections made through a decalcified shell the 
position of the spicules which have been dissolved by the acid is 
indicated by spaces, and the matrix remains as a network of fibrils, 
which end on the outside in a thin cuticular layer of organic 
matter. In Lingula and Discina the organic matter takes a 
much larger share in the formation of the shell, which in these 
genera consists of a number of alternating layers of horny and 
calcareous matter. The former is described by Gratiolet as 
fibrillated, the fibrils being obliquely placed, whilst the latter 
consists of a number of small prisms set at right angles to the 
surface of the shell 

In many genera, as in T&reiratvla, Terebratella, Cistella, 
Waidheimia, Crania, etc., the shell is pierced by a number of 
small canals (Fig. 314), which in the dried specimens form so 
many open pores, but in the living animal contain prolongations 
of the mantle or body wall which secretes the shell. They con- 
tain extensions of the layer of epithelial cells which lines and 
secretes the shell The canals come to the surface and at 
their outer end are often slightly swollen. They are closed by 
the cuticular layer which is mentioned above as covering the shell 
externally. They are not found in the loops or other internal 
processes of the shell In Crania the canals depart to some 
extent from the usual type \ instead of running a straight course 
to a somewhat swollen outer end, they break up into a number 
of very fine branching tubules, which form a very minute mesh- 
work near the surfa^ of the shell These fine branches con- 
tain protoplasmic fibrils, which have their origin in the epithelial 
cells which lie in the tubulea 

By carefully counting the number of tubules in a given area 
of young and old specimens of Wcddheimia, cranium, van Bern** 
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melen^ was able to show that the spaces between the tubules 
did not increase with age. He therefore reasoned that the shells 
of Brachiopoda do not increase by intussusception, and that their 
increase in size must be entirely due to additions made round 
their free edge. 

The function of the tubules has been a matter of some dis- 
cussion. They have been regarded as respiratory organs, but it 
would seem more reasonable to suppose that they serve as organs 
to supply nourishment, etc., to the organic matrix of the shell® 

With the exception of the genus Crania, it is usual for 
Brachiopods to bear round the edge of their mantle rows or bundles 
of chitinous setae or bristles (Figs. 315 and 319). The length and 
arrangement of these structures vary in the different species ; they 
are secreted from little pits in the edge of the mantle. It seems 
probable that they serve to some extent as organs of defence, 
especially in the larva, where they make their appearance at an 
early stage ; possibly they also serve as a filter, and prevent the 
entrance of foreign bodies into the shell. Their presence has 
been taken to indicate a certain degree of affinity between Brachio- 
pods and Chaetopods, since setae are very characteristic of the 
last-named group. 


The Body 

The shell of a Brachiopod is secreted partly by the general 
surface of the body which is situated at the hinder end of the 
shell, and partly by the two leaf-like extensions of the body, 
which are termed the dorsal and ventral mantles. These are, in 
fact, folds of the body wall, and into them the body cavity and 
certain of its contents, such as the liver and generative glands, 
etc., extend. The space between the two folds of the mantle, 
which is limited behind by the anterior wall of the body, is 
termed the pallial or mantle cavity. On each side of the middle 
line the anterior wall of the body is produced into two " arms,*’ 
which occupy as a rule a considerable part of the mantle cavity. 
These arms may be but flattened portions of the general body 
wall, which occupies a large part of what in other genera is the 

^ toe, eU. p. 465. 

* Shipley, ** On the Struoture and Development of Argiope," aua d. Foof. 
Sua, m Neap, Bd. iv. 1SS3, 
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mantle of the dorsal valve, as in Ciatdla and Argiopc ; ^ or they 
may be outgrowths of the body wall in the form of long processes, 
which are coiled and twisted in a very characteristic manner in 
the various genera. In any case the cross section of the arm 
shows a groove, one side of which forms a continuous lip, and 
the other takes the form of a single row of tentacles, which are 



Fia. 314. — View of the left half of Cifiiel/a 
(Argiope) neapoliUmay which has been cut 
ill two by a median longitudinal incision, to 
show the disposition of the organs. Partly 
diagrammatic. The inorganic part of the 
shell only is shown. The tubular exten- 
sions of the mantle and the organic outer 
layer are not indicated, and hence the pores 
appear open. 

1. The ventral ralve. 

2. The dorsal valve. 

3. The stalk. 

4. The mouth. 

5. Lip which overhangs the mouth and 
nins all round the tentacular arms. 

6. Tentacles. 

7. Ovary in dorsal valve. 

8. Liver diverticula. 

9. OccluBor muscle ; its double origin is 
shown. 

10. Internal opening of left nepliriiiiurn. 

11. External opening of left iiephridium. 

12. Ventral adjustor. The line from 10 
crosses the dorsal adjustor. 

13. Divaricator muscle. 


richly ciliated and capable of considerable movement. The whole 
arm in Hkgnchonella can be protruded from the shell, as was 
noted years ago by 0. F. MUller, and although his statement to 
this effect has often been doubted, its truth was confirmed by 
Professor Morse,® who writes : " In the year 1872, while studying 
living Bhynchonella in the St. Lawrence, I observed a specimen 

^ Scbulgln, "Argiope Kowalevskii,” wias, Zoot Bel. 41, 1885. 

* Arruriean Jour, of ScL wnd Aria, 3rd series, vol. xvix. 1879. 
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protrude its arms to a distance of 4 c.m. beyond the anterior 
borders of the shell, a distance nearly equalling twice the length 
of the shell/’ The same observer also mentions that Ling^^a 
has the power of partially protruding its arms. In most genera 
the cirrhi or tentacles can alone be protruded. 

The cilia which clothe the tentacles keep up a constant flow 
of water into the mantle cavity. This stream not only serves 
to aerate the blood of the animals — a process which probably 
takes place through the thin inner lining of the mantle — ^but it 
also brings with it a number of diatoms and other minute 
organisms which serve as food. These particles become entangled 
in the tentacles, and are ultimately lodged in the groove at their 
base, and passing along this by the action of the cilia they find 
their way into the wide mouth, into which the groove deepens in 
the posterior median line. 

The Digestive System 

The mouth leads into an oesophagus; this widens into a 
chamber which may be termed the stomach (Fig. 314), and which 
receives the openings of two large branching glands usually 
known as the liver. The stomach passes into a short intestine 
which is usually bent at about a right angle with the oesophagus. 
In the Testicardines the intestine ends blindly, but in the 
Ecardines it is of much greater length, and terminates in an 
anus, situated posteriorly in the median line in Crania, but 
asymmetrical and to the right of the body in Lingula (Fig. 315) 
and Discina; in both cases, however, the opening is into a 
portion of the mantle cavity. The alimentary canal is supported 
by a median dorsal and ventral mesentery, and by two pairs of 
lateral mesenteries which pass to the body wall The lateral 
mesenteries are not always quite distinct. When they are, the 
anterior pair are known as the gastro-parietal bands, and the 
posterior as the ileo-parietal. In Rhymhonella there are two 
pairs of renal organs, and each of these mesenteries bears the 
internal openings of one pair. In all other Brachiopods there is 
only one pair, and they are supported by the ileo-parietal bands. 

The alimentary canal is ciliated throughout, and some inter- 
esting observations have been made by Schulgiu ' on the shorten- 

' Loc, cU, p. 470. 
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ing of these cilia in Argiope (Cistella) when the animal is well 
fed, and their elongation when the animal is hungry. Amongst 
the ciliated cells certain glandular cells have been described. The 
so-called liver consists of two more or less branching glands, 
which open by wide apertures, one on each side of the stomach. 
It seems probable that a good deal of digestion is carried on in 
these glands, since the diatoms and other minute organisms 
upon which the Brachiopoda live are usually found in the 
branches of these glands, and the glandular cells lining the 
tubules vary much in appearance according to the animal’s state 
of nutrition. 


The Body Cavity 

The alimentary canal and liver occupy a considerable portion 
of the body cavity or general space of 
the body ; this space is to some extent 
cut up by the various mesenteries 
above mentioned. It also lodges the 
reproductive organs and the excretory 
ducts. Its walls are ciliated, and the 
action of the cilia keeps in motion 
the corpusculated fluid that bathes the 
various organs in the body cavity. The 
mantles, which are nothing but flat- 
tened leaf-like extensions of the body 
wall lining the shell, also contain 
diverticula of the body cavity, which 
may be simple flattened spaces or may 
be broken up into definite channels, as 
in Lingula (Fig. 315). It seems not 
improbable that the body cavity fluid 
is aerated through the thin inner layer 
^ of the mantle. 

Pia. 816 . — View of tbe inner side m • -i i n i 

of a valve of Lingvia anatu Running along the base of each arm 

f^a (after Fran9oU), to show a^^e two oanals, a small one at the base 
the definite arrangement of - ^ ^ 

the channels in the mantle : a, of the tentacles, which we may term 
position of month ; 6, posi- tentacular canal, and a larger 

tlOU of ^ 

one, the canal of the lip. The 
former sends a prolongation into each tentacle. The latter is, 
according to Blochmann, a closed canal in Crania, Lingula, Shyn^ 
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choTulla, and others ; but according to Joubin^^ it coTumumcates 
in Crania at one point with the tentacular-canoL It is probably 
ori^nally a part of the body cavity. Blochnuum ^ states in very 
definite terms that in Crania neither the large canal nor the 
small canal communicates with the general body cavity^ but be 
admits that in Lingula the small canal opens into that space. 

The Circulatory System 

The details of the discovery of the central circulatory organ 
of Brachiopods form a curious and instructive chapter in the 
history of modern morphological inquiry. Hancock, in his 
monograph on the group, described and figured on the 
dorsal surface of the alimentary canal a well -developed heart, 
which had been previously noticed by Huxley, who first showed 
that the organs which up to his time had been regarded as 
hearts were in reality excretory organs. In connexion with this 
heart Hancock described numerous arteries, distributed to various 
parts of the body. The observers who have written upon the 
anatomy of Brachiopods since Hancock's time, in spite of the 
fetct that they had at their disposal such refined methods of 
research as section cutting, which was quite unknown at the 
time his monograph was written, have almost all failed to find 
this circulatory system, and many of them have been tempted 
to deny its existence. Blochmann,® however, in the year 1885 
stated that he had found the heart, and had seen it pulsating in 
several species of Brachiopoda which he had rapidly opened 
whilst alive. Joubin has also described it in large specimens 
of Woddheimia venosa, and recently Blochmann has published a 
detailed account of his work on this subject. Both these authors 
describe the heart as a vesicle with muscular walls, situated 
dorsal to the alimentary canal From this, according to Bloch- 
mann, a vessel — the branchio-visceral of Hancock — runs forward 
as a triangular split in the dorsal mesentery supporting the 
alimentary canaL This vessel divides into two at the oeso- 
phagus, and passing through some lacunae in the walls of this 

» “Recherchea but TAnat. des Braohiopodes Inarticuiea, " Arch, ZooL Exp. (2), 
Tome iv., 1886. 

® dm Ban der Brackiopodmj Jena, 1892. 

® Vorliiiifige Mittheilungen aber Brachio^en," Zool, Aw. Bd. viii. 1885. 
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tube, opens into the tentacular canal, and consequently supplies 
the tentacles with blood. These two canals, which diverge 
from the median artery, are connected ventrally by a vessel which 
runs below the oesophagus; the latter is therefore surrounded 
by a vascular ring. Blochmann also describes two pairs of 
vessels that were seen and figured by Hancock. A pair of 
these pass over the gastro - parietal mesenteries and into the 
dorsal mantle sinus, the second pair pass over the ileo-parietal 
mesenteries and into the ventral mantle sinus ; each of these four 
arteries runs to one of the four generative glands, which, as is so 
usually the case in the animal kingdom, have thus a specially 
rich blood supply. If this description should prove to be correct, 
the vascular system of Brachiopods shows a striking resemblance 
to that of the closed vascular system of the unarmed Gephyrea, 
except that the former group has specialised genital vessels. 
The blood is colourless. 

Joubin's description of the vascular system of W, venosa differs 
in some respects from that of Blochmann. He regards the heart 
as collecting the lymph which it receives from numerous lacunar 
spaces in the walls of the alimentary canal, and distributing it 
through various vessels, which in the main correspond with those of 
Blochmann, and which run both to the “ arms ” and to the genera- 
tive glands. The latter vessels, however, open freely into the 
body cavity, and the fluid which is forced out from their openings 
freely bathes the organs found in the body cavity. Whichever 
of these accounts should prove to be more closely in accordance 
with the facts, there is little doubt that in addition to the true 
blood there is a corpusculated fluid in the body cavity which is 
to some extent kept in motion by the ciliated cells that line its 
walla 


The Excretory Organs 

The excretory organs (kidneys) which were at one time 
regarded by Cuvier and Owen as heai’ts, are typical nephridia — 
that is to say, they are tubes with glandular excretory walls 
which open at one end by a wide but flattened funnel-shaped 
opening into the body cavity, and at the other end by a circular 
pore to the exterior (Fig. 314). In Bkynchonella, where 
there are two pairs of these tubes,^ — the only evidence that the 
group presents of any metameric repetition of parts, — ^the inner 
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ends of the anterior pair are supported by the gastro*puietal 
mesenteries, and those of the posterior pair by the ileo-parietal 
mesenteries. In all other Brachiopods the posterior pair nlnwA 
exists. The external opening of these nephridia is near the 
base of the anus ; in Cistdla it is at the bottom of a brood-pouuh 
formed by the tucking in of the body wall in this neighbour* 
hood, and in this brood-pouch the eggs develop until the larval 
stage is reached. 

The walls of these nephridia are lined by ciliated cells, 
amongst which are some excretory cells, in which numerous 
brown and yellow concretions are to be seen ; these are probably 
the nitrogenous excreta of the animal, and pass out of the body, 
being washed away by the stream of water which is constantly 
passing between the shells. 

As in so many other animals, the nephridia act as gmiital 
ducts, and through them the ova and spermatozoa, which break 
off from the genital glands and fall into the body cavity, find 
their way to the outer world. 

The Stalk and Mnscles 

The body cavity of a Brachiopod is traversed by several pairs 
of muscles, which are very constant in position, and whose con- 
traction serves to open and close the shell, to move the animal 
upon its stalk, and to govern the movements of the arms. 

The stalk is absent in Crania, and the members of this 
genus are attached to the rocks on which they are found by the 
whole surface of their ventral valve. In Lingvla (Fig. 315) 
the stalk is long and hollow, containing what is probably a 
portion of the body cavity, surrounded by muscular walls. 
Lingvla is not a fixed form, but lives half-buried in the sand 
of the sea-shore (Fig. 321). Discina, the other member of 
the Ecardines, has a peduncle which pierces the ventral valve 
and fixes the animal to its support. Amongst the Testicardines, 
Thecidium is also fixed to its supports by the surface of its 
ventral valve; the other genera, however, are provided with 
stalks, which, being the means of the fixation of the animals, 
become at the same time the fixed points upon which their 
very limited movements can be effected. The stalk protrudes 
through the notch or aperture at the posterior end of the ventral 
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valve, and it probably belongs to the ventral side of the body. 
It is in Cistella, and doubtless in other genera, in close organic 
connexion with both valves, and it seems to consist of an un- 
usually large development of the supporting tissue which occurs 
so frequently in the body of Brachiopods. The surface of the 
peduncle is produced into several irregularities and projections 
which fit into any depressions of the rock upon which the 
animal is fixed. 

In Cistella there are four pairs of muscles, two connected 
with opening and closing the shell, and two with the movement 
of the body upon the stalk (Fig. 314). The most considerable 
of these muscles are the two occlusors, which have their origin, 
one on each side of the middle line of the dorsal valve, and their 
insertion by means of a tendon into the ventral valva In the 
species in question each of these muscles arises by a double 
head, the two muscles thus formed probably representing the 
anterior and posterior occlusors of other forma The contraction 
of these muscles undoubtedly serves to close the sheD, which 
is opened by a small pair of divaricators arising from the 
ventral valve, and inserted into a portion of the dorsal shell 
which is posterior to the axis of the hinge. Contraction of 
these muscles would thus serve to approximate the posterior 
edges of the valves and divaricate the anterior edges and thus to 
open the shell. 

The adjustors are four in number, a ventral pair rimning 
from the ventral valve to be inserted into the stalk, and a corre- 
sponding dorsal pair from the dorsal valve. The simultaneous 
contraction of either pair would tend to raise the valve, whilst 
the alternate contraction of the muscles of each side would tend 
to rotate the shell upon the peduncle. The muscles of Wald- 
heimia flavescem are shown in Fig. 329, and described briefly 
on p. 502 

The muscles of the Ecardines differ from those of the Testi- 
cardines inasmuch as they do not terminate in a tendon, 
but the muscle fibres run straight from shell to shell. They 
are also more numerous. In Crania there is an anterior and 
a posterior pair of occlusor muscles, and two pairs of oblique 
muscles, which seem when they contract together to move the 
dorsal shell forwards, or when they contract alternately ^ 
slightly rotate it. In this genus there are also a pair of pro- 
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tractors and a pair of retractors, and two levators of the arms, whose 
function is to draw forward or retract the arms, and an unpaired 
median or levator ani muscle. In addition to these bundles of 
muscles there are certain muscles in the body wall, and it seems 
probable that by their contraction, when the adductcus are 
relaxed, the body may become somewliat thicker and the valves 
of the shells wiU slightly open. 

In TAngvla (Fig. 322) the muscular system is more com- 



Fio. 316. — A Bemi - diagrammatic 
tigure of the muscular system of 
Crania (after Bloohmaun) ; a, 
anterior occlusor ; b, posterior 
occlusor ; c, superior oblique ; 
df inferior oblique ; e, retractor 
of the arms ; /, elevator of the 
arms ; protractor of the arms ; 
hj unpaired median muscle. The 
dorsal valve is uppermost. 


plicated ; in addition to the anterior ( = anterior laterals) and 
posterior ( = centrals) pairs of occlnsors, there is a single divari- 
cator ( = umbonal), whose contractions in conjunction with those 
of certain muscles in the body wall press forward the fluid in the 
body cavity, and thus force the valves of the shell apart ; and 
there are three pairs of adjustor muscles. These latter are 
called respectively the central ( = middle laterals), external 
( =-external laterals), and posterior ( = transmedians) adjustors, 
whose action adjusts the shells when all contract together, and 
brings about a certain sliding movement of the shells on one 
another when they act independently of each other.^ 

^ Hancock*fi nomenclature is here used. The corresponding names used hy King 
and Brooks are placed in brackets. Their nomenclature is used by many palaeon* 
tologists, and is adopted in Fig. 322. 
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The Neirons System 

The nervous system of Brachiopods is not very cleaily 
understood, and there are considerable discrepancies in the 
accounts of the various investigators, even when they are 
dealing with the same species. So much, however, seems certain, 
that there is a nervous ring surrounding the oesophagus, that 
this ring is enlarged dorsally, or, in other words, near the base 
of the lip, into a small and inconspicuous dorsal ganglion, and 
again ventrally or just behind the base of the tentacles into a 
ventral or sub-oesophageal ganglion. The latter is, contrary to 
what is usual in Invertebrates, of much larger size than the 
supra-oesophageal ganglion, but like the last named, it has retained 
its primitive connexion with the ectoderm or outermost layer 
of the skin. Both ganglia give off a nerve on each side which 
runs to the arms and along the base of the tentacles and lips. 
The sub-oesophageal ganglion also gives off nerves which supply 
the dorsal and ventral folds of the mantle, the muscles, and 
other parts. 

The modified epithelium in connexion with the ganglia may 
possibly have some olfactory or tactile function, but beyond this 
the Brachiopoda would appear to be devoid of eyes, ears, or any 
other kind of sense organs, — a condition of things doubtless 
correlated with their sessile habits, and with the presence of a 
bivalved shell which leaves no part of their body exposed. 

The Reproductive System 

The majority of Brachiopods are bisexual, and many autho- 
rities regard the separation of sex as characteristic of the group ; 
on the other hand, Lingvla pyramidata is stated to be herma- 
phrodite, and it is not impossible that other species are in the 
same condition. 

The generative organs are of the typical sort, that is, they 
are formed from modified mesoblastic cells lining the body 
cavity. These cells are heaped up, usually in four places, and 
form the four ovaries or testes as the case may be (Fig. 314). 
The generative glands usually lie partly in the general body 
cavity and partly in the dorsal and ventral mantle folds, two on 
each side of the body. Along the axis of the heaped-up cells 
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rims a blood-vessel, which doubtless serves to Bourisb the gland, 
the outer surface of which is bathed in the perivisceral fiuid. 
Every gradation can be found between the ripe generative cell 
and the ordinary cell lining the body cavity, ^^en the ova 
and spermatozoa are ripe they fall off from the ovary and testis 
respectively into the body cavity, thence they are conveyed to 
the exterior through the nephridia. The ova in certain genera 
such as Argiope, Ciatdla, and Theeidium, develop in brood- 
pouches which are either lateral or median involutions of the 
body wall in the neighbourhood of the external opening of the 
nephridia; they are probably fertilised there by spermatozoa 
carried &om other individuals in the stream of water which 
flows into the shell. In other species the ova are thrown out 
into the open sea, and their chances of meeting with a sperma- 
tozoon is much increased by the gregarious habits of their 
sessile parents, for as a rule considerable numbers of a given 
species are found in the same locality. 

The Embryology 

We owe what little we know of the embryology of the group 
chiefly to Kowalevsky,^ Lacaze-Duthiers,* and Morse.® The 
Russian naturalist worked on Cistella {Argiope) neapolitana, the 
French on Theeidium, and the American chiefly on TerelratvliTM, 

Although this is not known with any certainty, it seems 
probable that the eggs of Brachiopods are fertilised after they 
have been laid, and not whilst in the body of the mother. The 
spermatozoa are doubtless cast out into the sea by the male, and 
carried to the female by the currents set up by the cilia clothing 
the tentacles. 

In Theeidium, Cistella, and Argiope the first stages of develop- 
ment, up to the completion of the larva, take place in brood-pouches; 
in Terehratviina the eggs pass out of the shell of the mother and 
hang in spermaceti-white clusters from her setae and on sur- 
rounding objecta In the course of a few hours they become 
ciliated and swim about freely. The brood-pouch in Theeidium 

^ DevelopmefU of the Bra^iopoda, 1873 (Eussian). 

* ^‘Histoire do la Th^cidio," Ann, d. Sd, Nat,, S6r. 4, vol. xv. 1861. 

’ On the Early Stages of Terebratulina eeptentrionalie," Jtfim. Boston Soe, Nat, 
Hist, vol ii. 1869. **On the Development of Terebratulina,” Ibid, vol iil 1873* 



480 


RECENT BRACHIOPODA 


CHAT. 


is median, in the convex lower shell, in Cistella it is paired, and 
arises by the pushing in of the lateral walls of the body in the 
region just behind the horse-shoe-shaped tentacular arms; the 
renal ducts, which also serve as oviducts, open into these lateral 
recesses. 

In the female Thecidium (Fig. 317) the two median tentacles 
which lie just behind the mouth are enlarged and their ends 
somewhat swollen ; they are bent back into the brood-pouch, 
and to them the numerous larvae are attached by a short fila- 
ment inserted into the second of the four segments into which 
the larva is divided. In Cistella a similar filament attaches the 
larvae to the walls of the brood sac ; thus they are secured from 


Fia. 817. — Brood-pouch of Theddium 
mediterraneum, (After Lacozc- 
Duthiers. ) Part of the wall of the 
pouch has been removed to show 
the clusters of larvae. 

1. Mouth, overhung by lip. 

2. One of the two median ten- 
tacles which are enlarged and modi- 
fied to bear the larvae. 

8. Wall of brood -pouch into 
which the median tentacles are 
folded. 

4. Larva attached to the swollen 
end of the tentacles. 


being washed away by the currents constantly flowing through 
the mantle cavity of the mother. 

In Cistella the larva consists at first of two segments, but 
the anterior one divides into two, so that in the free swimming 
larva we find three segments, the hindermost somewhat longer 
and narrower than the others and destined to form the stalk. 
About the time of the appearance of the second segment four 
red eye-spots arise in the anterior segment, which tends to be- 
come constricted off from the others, and may now be termed the 
head. It gradually becomes somewhat umbrella-shaped, develops 
cilia all over its surface and a special ring of large cilia round 
its edge. 

In the meantime the second or mantle segment has grown 
down and enveloped the stalk, and four bundles of setae have 
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arisen from its edge. In this stage the hurra leaves its mother’s 
shell and swims out into the world of water to look for a suit- 
able place on which to settle down. This is the onlj stage in the 
life history of a Srachiopod when the animal is locomotor, and can 
serve to Spread its species. The extreme minuteness of the larva 
and the short time it spends in this motile condition probably 
accounts for the fact that Brachiopods are extremely localised 
Where they do occur they are found in great numbers, rocks 
being often almost covered with them, but they are not found over 
large areas. When viewed under a microscope the larvae seem 



Fia. 318, — Young larva of 
Cistdla nmpolitanaf 
allowing throe seg- 
ments, two eye spots, 
uud two bundles of 
setae. (Alter Kowa< 
levsky. ) 



Fig. 319.— Full-grown larva of Cis- 
tella neapoUtana^ with umbrella- 
shaped head, ciliated. (Alter 
Kowalevsky.) 


to be moving with Biirprisiug rapidity, but judging from the 
analogy of other forms, it seems doubtful if they swim a yard in 
an hour. 

Frequently the larva stands on its head for some time, as if 
investigating the nature of the rocks on which it may settle ; it 
is extremely contractile, turning its head from time to time, 
and seldom retaining the same outline for any length of time ; the 
setae are protruded, and at times stick out in every direction ; 
they are possibly defensive in function. When fully stretched 
out the larva is about mm. long, but it frequently shortens its 
VOL. Ill 2 I 
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body to two^thirds of this length. The larvae are of a pinkish 
red colour, with eye-spots of ruby red. Their colour teiidera 
them difficult to discern when they are swimming over the ml 
coralline rocks upon which they frequently settle. After swim- 
ming about for a few hours the larva fixes itself finally, 
apparently adhering by some secretion produced by the stalk 
segment. The folds of the second or body segment then turn 
forward over the head, and now form the ventral and dorsal 
mantle folds ; these at once begin to secrete the shell on their 

6 ® O. Q B 

^ ^ 

Fio. 320. — Sittgefl in live dcvdopment of the larva of Ter^alutina aeptfntrfonalis. ( After 
Morse.) The yoiugest larva has two segnieuts, a third then appears, the larva 
then tires itself, and the second segment folds over the hrat and develops bristles 
round its edge. 

outer surfaces The head with its cyc-spots must lie to some 
extent absorlied, but what goes on witliin the mantle is not 
accurately known. The setae drop off and the tentacidar arms 
begin to appear as a thickening on the dorsal lobe of the mantle. 
They are at first circular in outlina The various changes which 
the larva passes through are well illustrated by Morse for Tere- 
hratidina, which spawns at Eastport, Me., from April till August. 
The different stages are represented in outline in Fig. 320, taken 
from his paper. 


HaUtB 

There is little to !« said about the habits and natural Iiistory 
of the Dracltiopoda. When once the larva has settled down, the 
animal never moves from the spot selected ; occasionally it may 
rotate slightly from side to side on its stalk, and from time to 
time it opens its shell As so frequently is the case with sessile 
animals, tl»e sense organs are reduced to a minimum, the eyes of 
the larva disappear, and the mily conunuuicutiou which the 
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animal has with the world around it is 
by means of the currents set up by the 
cilia on the tentacles. 

In spite of the absence of any definite 
eyes, Thecidium, according to Lacaze* 
Buthiers, is sensitive to light ; he noticed 
for instance that, when his shadow fell 
across a number of these animals he was 
watching in a vessel, their shells, which 
had been previously gaping, shut up at 
once. 

In Cistella the tentacles can be pro- 
truded from the open shell, and in Ilhyn-^ 
chonella the spirally-coiled arms can be 
unrolled and extruded from the shell, but 
this does not seem to have been observed 
in other genera, with the possible ex- 
ception of Lingvla, The food of these 
animals consists of minute fragments 
of animal and vegetable matter, a very 
large proportion of it being diatoms and 
other small algae. 

Lingvla differs markedly from the 
other members of the group, inasmuch 
as it is not firmly fixed to a rock or 
some such body by a stalk or by one of 
its valves, but lives in a tube in the 
sand. Some recent observations of 
Mons. P. Francois ^ on living specimens 
of Lingula anatifera which he found 
living in great numbers on the sea- 
shore at Noumea in New Caledonia 
may be mentioned. The presence of 
the animal is shown by a number of 
elongated trilobed orifices which lead 
into the tube in which the Lingula livea 
The animals, like most other Brachi- 
opods, live well in captivity, and he was 
able to watch their habits in the aquaria 




Fio. 821. — Figorefl illustmting 
the tubes in which lAnguUik 
anatifeTa lives. The upper 
figpiFe is a view of the tri- 
lobed opening of the tube. 
The lower figure shows the 
tube in the sand laid open 
and the animal ezpos^. 
The dotted line indicates 
the position of the body 
when retracted. The darker 
portion is the tube of sand 
agglutinated by the secre- 
tion of the stalk. (After 
Francois.) 


* ‘^Chosea de Ar(h, d, Zool. cay. d gen. 2nd aer, vol. ix. 1821. 
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of his laboratory. . The Lirignla place themselves vertically ; the 
anterior end of the body just reaches the level of the sand ; the 
three lobes into which the orifice of the tube is divided corre- 
sponding with the three brushes of setae which project from the 
anterior rim of the mantles. These setae are described by Morse 
as projecting in the form of three funnels ; currents of water are 
seen continually passing in at the side orifices and out tlirough 
the central. Tlie tube consists of two portions : an upper part, 
which is flattened to correspond with the flat shape of the body, 
and a lower part, in which the stalk lies. The upper part 
is lined with a layer of mucus, but the sand is not glued 
together to form a definite tube. The lower part of the 
stalk, or the whole when the animal is contracted, is lodged 
in a definite tube composed of grains of sand agglutinated by 
mucus, probably secreted from the walls of the stalk. At the 
least sign of danger the stalk is contracted violently, and the 
body is withdrawn to the bottom of the upper portion of the 
tube. The rapid retreiit of the animal is followed by the 
collapse of the sand at the mouth of the tube, and all trace of 
the presence of the Lingula is lost. 

The shells of this species are frequently rotated through a 
small angle upon one another, a movement which is prevented 
in the Testicardines by the hinge. In very young transparent 
specimens Frangois was able to observe the movements of the 
fluid in the system of tubules which penetrate the mantle ; these 
tubules are figured by him, and Fig. 315 is taken from his 
illustration. 

Davidson, in his Monograph on the British Fossil Brachi- 
opoda, states that the largest “ recent Brachiopod which has 
come luider my notice is a specimen of Waldheimia venom 
Solander, measuring 3 inches 2 lines in length, by 2 inches in 
breadth, and 1 inch 11 lines in depth." It was found in the 
outer harbour of Fort William, Falkland Islands, in 1843. A 
specimen of Terehratula grandis from the Tertiary deposits, how- 
ever, exceeds this in all its dimensions. Its length was 4^ 
inches, its breadth 3 inches 2 lines, and its depth 2 inches 2 
lines. 

Distribution in Spaoo 

Brachiopods are very localised ; they live in but few places 
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but wheu they are found they usually occur in great numbers. 
During the cruise of the ChcdleTtgeT^ dredging was conducted at 
36X stations; at only 38 or 39 of these were Brachiopoda brought 
up. Mr. Cuming, quoted by Davidson, records that after a great 
storm in the year 1836, he collected as many as 20 bushels of 
Lingula anatifera on the sea-shore at Manilla, where, he relates, 
they are used as an article of food. It has been suggested above 
that their abundance in certain localities is due to their limited 
powers of locomotion, which are effective but for a few hours, 
the larva being, moreover, so minute that unless borne by a 
current it could not travel far from its parent. When once 
settled down it has little to fear from the attacks of other 
animals. The size of its shell relative to its body would 
deter most animals from regarding it as a desirable article of food, 
and as far as is known at present the Brachiopoda suffer but 
little from internal parasites, the only case I know being a 
minute parasitic Copepod belonging to a new and as yet unnamed 
genus which I found within the mantle cavity of Cistella {Argiope) 
neapolitana in Naples. Their slight value as an article of diet 
has doubtless helped to preserve them through the long periods 
of geological time, through which they have existed apparently 
unchanged. 

Two of the recent genera of the family Lingulidae, Lingula 
and Glottidia^ are usually found between tide-marks or in shallow 
water not exceeding 17 fathoms. Discina is also found about 
the low-tide level, but one species at any rate, Discinisca atlantica, 
has been dredged, according to Davidson, ** at depths ranging from 
690 to nearly 2425 fathoms.” Their larvae frequently settle on 
the shells of their parents, and thus numbers of overlapping shells 
are found clustered together. Crania is usually dredged from 
moderate depths down to 808 fathoms, adhering to rocks, lumps 
of coral, stones, and shells. 

Of the Testicardines, Terehratvla Wyvillei has probably been 
found at the gi^atest depth, t.c. 2900 fathoms, in the North 
Pacific. It is interesting to note that its shell is glassy and 
extremely thin. The Brachiopoda are, however, as a rule, 
found in shallower water ; they abound up to a depth of 500 or 
600 fathoms, after which they rapidly diminish with increasing 
depth. About one-half the named species occur at a depth of 
loss than 100 fathoma 
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The y<^tical range of depth of certain species is great ; Tere- 
brattda vitrea is recorded from 5 to 1456 fathoms. T, Wyvilld 
from 1035 to 2900 fathoma This is to some extent explic- 
able since, after a certain depth has been reached, manj of 
the external conditions, such as absence of temperature and 
light, must remain constant even to the greatest depths of the 
ocean. 

The area of the ocean explored by dredging forms such an 
infinitesimal fraction of the whole, that it seems superfluous to 
consider the horizontal distribution of Brachiopods. A few facts 
may, however, be mentioned. Certain species, as Terelratvia 
vitrea, 1\ caput aerpentis, Waldheimia cranium, Megerlia trun- 
cata, and Disciniaca atlantica have a very wide if not cosmo- 
politan distribution. The second of the above named extends as 
far north as Spitsbergen, and as far south as Kerguelen Island. 
Many species are, on the other hand, very localised, and have 
hitherto only been found in one place. A very considerable 
number of these have been dredged off Japan and Korea, and 
this region may be to some extent regarded as the headquarters 
of the group. 

The following species have been obtained within the limits 
of the British Area, as defined by Canon Norman, who has been 
good enough to revise the list, which is founded on that drawn 
up by Davidson in his Challenger Report. Their range of bathy- 
metric distribution is given in the column on the left. 


Depth in 
Fathoms. 

0 to 1180. Terehratulina capiU serpentis Lin. . Oban, and off Cumbrae Islands. 

Loch Tonidon. Scotland, oif 
Belfast 


8 to 25. 


5 to 690. 

75 to 725. 

20 to 600. 
18 to 864. 
20 to 45. 

650 to 1750. 


TerebrfUula {Otvy^iia) capmla JefT. 

Waldheimia cranium Muller . . 

Waldheimia septigera Loven . . 

Terehratdla apUzhergenmsis Dav, . 
Argiope dee&llata Chemnitz . . 
CiaUlla cisUllula 8 . Wood . . . 

Atretia g^unnon Jeff. . . . . . 


. Belfast Bay. £. and S. coast of 
Ireland. Plymouth, Weymouth, 
and Guernsey 

. North British seas. Off Shet- 
land 

. North British seas. Off Shet- 
land 

. N.N.W. of Uiist, Shetland 

. Two miles east of Ouomsey 

. Shetland, near Weymouth, S. 
coast of England 

. W. of Donegal Bay in 1443 
faths. Between Ireland and 
Rockall, in 1350 faths. 
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Dej^in 

FhUiqiim. 

10 to 690. M^nAonelia psiUaeea Gmdut 


3 to 808. Crania ancmdla Hiilier . 
090 to 2426. VUciniKa aUawtica King 


. . Shetland and near Dogger Bank. 
This apecies ia poaaibly foaaU 
as well as recent. 

. . Loch Fyne, North of Scotland 
. . W. of Done^ Bay in 1366 fatha , 
W. of Ireland in 1240 laths., 
off Dingwall Bay 


ClasaifleatioD. 

The table of classification here appended is that suggested by 
Mr. Davidson in his Monograph on the Becent Brachiopoda. 

I. TESTICAEDINES 

Family. 

A. Terebratulidae. This includes the majority of genera and of species, the 

latter, without counting uncertain species, amount- 
iiig to sixty-eight. Examples : Terebratulaf Tere- 
hratella, TerehratulinOf WaldKeimia^ Megerlia^ 
Argiopty Cistella. 

B. THBcn>nDA3, This family contains one genus, Theddium^ with two 

species. 

C. Rhtnchonellidae. This family is made up of eight species, six of which 

belong to the genus Siiynctwndlay and two to 
Atretia. 


11. ECARDINES 

D. Craniidab. This family comprises the four species of Crania, 

E. Disginidae. This family contains one species of Discina and six 

of Disdniica. 

F. Linqulidae. This family consists of eight species of Lingula and 

three of GloHidia, 

It is impossible to come to any satisfactory conclusion as to 
the position of the group Brachiopoda with relation to the rest 
of the animal kingdom. They have, in accordance with the views 
of various investigators, been placed in close connexion with many 
of the large groups into which the Invertebrates are split up. The 
Mollusca, the Tunioata, the Polyzoa, the Chaetopoda, the Gephyrea, 
and of recent times such isolated forms as Phoronis and Sagitta, 
have all in turn had their claims advanced of relationship to this 
most ancient group. As far as I am in a position to judge, their 
affinities seem to be perhaps more closely with the Gephyrea and 
with Fhoronis than with any of the other claimants ; but I think 




488 


recent BRACHIOPODA 


CHAP. XVtl 


even t^eee are too remote to justify any system of classification 
which would bring them together under a common name. In- 
vestigation into the details of the embryology of the group, more 
especially into that of the Ecardines, might throw some light 
on this subjMt, and it is much to be desired that this should be 
undertaken without delay. That the group is a most ancient 
one, extending from the oldest geological formations, we know ; that 
the existing members of it have changed but little during the 
vast lapse of time since their earliest fossil ancestors flourished, 
we believe ; but we are in almost total ignorance of the origin or 
affinities of the group, and we can hardly hope for any light (m 
the subject except through embryological research. 
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Introduction 

The wide distribution «uid vast abundance of the Brachiopoda 
throughout the whole series of geological formations make this 
group of especial importance to the student of the past history 
of the earth ; and the zoologist must always regard the fossil 
forms with peculiar interest, because they not only largely out- 
number the living representatives, but comprise numerous extinct 
genera, and even families, exhibiting types of structure and 
characters entirely absent in the modern members of the group. 
It is a most fortunate circumstance that the excellent state of 
preservation in which we frequently find them, and the immense 
amount of materM at our disposal, enable us to determine with 
accuracy and certainty the internal characters of the shells in 
the great niajority of casea But it is only since the beginning of 
the present century that our knowledge of the anatomy of the soft 
parts of the living animal has rendered any tracing of homologies 
possible. In the case of features in fossil extinct types the interpre- 
tation must be to some extent doubtful Barrande, Clarke, David- 
son, Hall, King, Oehlert, Waagen, de Verneuil, and a host of other 
workm^ have contributed to the information which we now posess ; 
and their works must be consulted for details of the subject.* 

* J. Barraudci Syst, Silur. Boft^hnej voL v. 18/9. Hall and Clarke, Introd. Palaeo- 
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Since all Brachiopods are inhabitants of the sea, the geologist 
at once recognises as a marine deposit any bed which contains 
their remaina Under favourable conditions they swarmed in the 
seas of Palaeozoic and Mesozoic timea Beds of limestone are fre- 
quently almost entirely composed of their shells, as, for instance, 
some of the Devonian limestones of Bohemia. Often they give 
the facies to the fauna and outnumber in species and individuals 
all the other organisms of the period. The Ungulite Sandstone 
(Cambrian) of Russia and the Productus Limestone of the Salt 
Bange in India of Carboniferous and Permian age are well-known 
examples. 

Many species seem to have been gregarious in habit; thus 
Productus giganteus of the Carboniferous Limestone may generally 
be found in crowded masses, as in some localities in Yorkshire. 

The fact that certain species of Brachiopods characterise 
definite stratigraphical horizons or zones ” gives them occasionally 
an importance equal to that of Graptolites ; for instance, the 
Ecardinate species Trematis corona marks a set of beds in the 
Ordovician, and the isolated Stringocephalus Burtini is restricted 
to the upper part of the Middle Devonian, giving to the lime- 
stone on that horizon its distinctive name. It is noteworthy also 
how certain species affect a sandy and others a calcareous sea- 
bottom, so that beds of the same age show differences in their 
Brachiopod fauna owing to a dissimilar lithological composition. 

While few of the recent Brachiopods reach a large size, some 
of the extinct species measure several inches in breadth, but the 
great Productus giganteus attained the width of even a foot. 

The bright colours of the shells of the living animals are 
not generally preserved amongst the fossil species from the older 
rocks; yet in a Carboniferous Terehratvia we can even now 
detect the purple bands in some specimens, and a Cretaceous 
Rhyvchonella similarly exhibits its original colour. 

The Brachiopoda are evidently a group in its decline, as the 
geological record shows; but they date back from the earliest 
known fossiliferous rocks, in which the Ecardinate division 
is alone represented. As we ascend through the stratigraphical 
series the number and variety of genera and species belonging to 

zaUt* Brack, (PalaeoiU, of New Vork, 1892-1894). Davidson, Monogr, BfU. Foes. Bnuk. 
{Falaeont, Soc, 1851-1884). Waageii, Salt Bange Fossils (Mem, Geol, Surv, India, 
1879-1885). 
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both divisions rapidly increase until in the united Ordovician and 
Silurian there are netirly 2000 species and about 70 genera. 
From this point of maximum development down to the present 
day tliere is a gradual decrease in numbers. 

According to Davidson, at least 17 Upper Tertiary 8i)ecie8 are 
still living on our sea-bottoms ; and many recent Mediterranean 
forms txjcur in the Pliocene rocks of the islands and shores of tluit 
sea, and in the Crags of East Anglia. 

A brief review of the chief characteristics of fossil Brachio- 
poda is given below. Those genera which have the greatest 
zoological or geological importance can alone be noticed owing 
to the exigencies of space. 

L ECARDINES 

Eztemal Oharactem 

A considerable diversity of external form is met with even in 
this division, from the liinpet-like Discina to the flattened tongue- 
shaped Ling^da, The valves have most commonly a smooth 
external surface with delicate growth - lines ; but sometimes 
pittings {Trematis) or radiating ribs {Crania) are present, and in 
a few forms the shell is furnished with spines {Siphonotreta), 
which perhaps served to anchor it in the soft mud of the sea- 
bottom. The usual mode of fixnt'on was by means of the pedicle 
( = peduncle or stalk), which either (1) passed out simply between 
the posterior gaping portion of the valves {Lingtda), or (2) lay 
in a slit in the ventral valve {Lingviella), or (3) pierced the sub- 
stance of the latter valve by a definite foramen {Discina), The 
first-mentioned condition of the pedicle seems the most primitive. 
Ihirely the pedicle was absent, and the shell was attached by 
the whole surftu*e of the ventral valve {Crania, p. 467). 

The two valves in the fossil Ecardines wcre licld togetlier by 
muscular action, though in some families {Trimereliidae) we see 
trtices of articulating processes. The " hinge line,’' or line along 
which the valves worked as on a hinge, is in most forms more or 
less curved. A “ hinge area ” {ix. that portion of the shell gener- 
ally sraootlier than other parts of the valves, more or less tri- 
angular in form, and lying between the beaks on one or both 
sides of the hinge line), is usually absent in the Ecardines. 
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Owing to the rarity of well-preserved interiors of valves 
in this division, our knowledge of their internal characters is still 
far from satisfactory. The arrangement of the muscular impres- 
sions varies greatly amongst extinct genera, but we are often able 
to interpret them with a considerable amount of certainty by a 
study of the scars and the muscles of the well-known recent 
Lingvla (Fig. 322). The extreme specialisation of the muscles in 
many of the earliest genera (e.g. Lingvla) is remarkable, and points 
to a long but so far undiscovered ancestry in pre-Cambrian times.^ 
In fossil species of Crania and Lingvla the muscle-scars correspond 



A B 


Fio. 322. — Mnscle-ttcaiiB of lAngvla aiuUina. 
Inner surface of A, Pedicle- valve or ventral 
valve. B, Brachial or dorsal valve ; p.a, 
parietal scar ; umboiial muscle ; t, trans- 
medians ; c, centrals ; a.9n.^ laterals (a, 
anteriors ; middles \ e, externals). 


closely with those in the liv- 
ing representatives of these 
genera. In the most highly 
specialised family of the £car- 
dines — the Trimerdlidae — 
we meet with features of 
peculiar interest.* The muscle- 
scarS in this family (Fig. 
323, A, B) are most remark- 
able for the development of 
the so-called crescent,” ((y.r.3.) 
which skirts the posterior 
margin of both valves as a 
sub -cardinal impression. It 
is believed to be the trace 
of a strong post - parietal 
muscular wall, analogous in 


position to that of Lingvla, The three pairs of “lateral” 


muscle -scars in the latter genus seem to be represented by 
the “ terminal ” (s) and “ lateral ” (r) scars on the crescent 


^ The resnlts of the investigations of King {Ann, Mag, Nat Hist, 4th ser. 
▼ol. zii. 1873) and of Brooks {Chesapeake Zool, Laberaiory, SdesUiJic Kesults^ p. 85, 
1879), and the aimple nomenclature of these authors are here followed in preference 
to those of others, owing to the differonce of opinion amongst anatomists of the 
functions and homologies of the muscles. The lateral muscles enable the valves to 
move backwards and forwards on each other ; the centrals close the shell ; the um- 
bonals open it ; and the transmedians allow a sUding* sideways movement of one 
valve across the other (see also p. 477). 

’ Davidson and King, Qwirt, Jour, (hoi, Soc, xxx. (1874), p. 124. 
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of the Frimerellulne. A piir of “ traiisverue ” Bears (() occurs 
in each valve lietween the “terminals" and the antero- 
lateral edge of the “jdatfonn” (/>. “Cardinal" (v), “sub- 
cardinal" (w), and “ umlio-lateral " (x) scars also occur. Tl»e 
median impression wliich covers tlie “ platform " (f) consists of a 
central, lateral, luul usually an anterior jiair of scars ; and the 
impressions of the genital organs, according to Davidson and 
King, lie mediauly posterior to tlie “ platform.” The “ platfonu " 



Fia. 323. — TrimrrelJn. (After DavitlMn ami King). At Timer surfaeo of iwlicle-valve or 
ventml valve : a, pseuiio-deltidiuiii ; h, deltiilinl sloi>e ; Cf deltidiol ridges ; tit 
bonlers ; «, canliiial cAlloHities ; f, cardinal facet ; .9, lozenge ; i, uinboiial cliauilicrs 
separated by cardinal buttims; 7, plutfonn; k, plntfonn vaiilU; I, median plate; 
niediiin scars ; Vt anterior soars ; 0, lateral scars ; pt post-median soars ; crown 
crescent ; r, side or lateral crescent ; s, end or terminal crescent ; f, transverse scars ; 
Uf nrclilet ( vascular siiinse.4) ; w, siib-cordiiml scars ; nnibo-Iateral scars. 3, Brachial 
or dorsal volvo : c, cardinal sockets ; 7, platform ; it, platform vaults ; 4 meiliau 
plate ; »i, inetliaii scars ; n, anterior scars ; crown crescent ; »•, side or lateral 
ci-esccnt ; s, eml or terminal crescent ; U transverse scars ; «, arcblet (vascular 
sinuses) ; v, cardinal scars ; w, snb-cordiunl scars. 


itwlf i» ii more or less conspiciums central calcareous elevated 
arcji occurring in ea('.h valve, but most developed in tlie dorsal ; 
in some cjuh^s it is double -cliaiulH3red with tubular cavities 
(“ platform vaults,” Fig. :^23, A, 11, k), in others it is more or less 
solid. It apiiears to have originated through a posterior shifting 
of the central muscular Itaiids, that they miglit he inserted liehind 
the liver ; at the same time a dejmsition of shelly material, to 
form fnlcia to work the heavy valves, took phice at these points. 
Tim tunnelling -out of the platform was probably due to the 
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continual pn^ure of the lobes of the liver. The division of the 
unibonal cavity into definite chambers in Momnierdbi^ and to a 
less extent in other members of this family, appears, according 
to Davidson and King, to have been caused by pressure bf the 
ovarian lob^ 

In connexion with the foregoing remarks on the development 
of the “platform,” it may be mentioned that the paths along 
which the muscle-bands move, as the shell of Brachiopods increases 
in size, are marked by elongated scars, and often by Shelly 
deposits; and when the members of a muscle-pair come into 
juxtaposition these shelly deposits (which act as fulcra for the 
muscles) combine, and by the growth of the shell form a septum, 
as in the case of the median septum of Lingvltpis. 

The Obolidae show some important features in the internal 
impressions. Obolella crassa (Hall) may be taken as a well 
known type of the family. In this species a pair of small 
scars, one on each side of the pedicle-groove, lies close under the 
hinge line in the ventral valve. There is also a well-marked scar 
for the insertion of the pedicle-muscle at the end of the pedicle- 
groove. A pair of much elongated lateral impressions extending 
forward from the “cardinals” may be homologous with the 
“ laterals ” of Lingula ; and the two small central scars between 
them may be compared with the “ centrals ” of Lingula which 
are in a somewhat similar position. In the dorsal valve of 0. 
crassa a pair of “ cardinals ” is found, and on each side of a low 
median rounded ridge are two small “ central ” scars. Indistinct 
“ lateral ” scars arise close to or in the central area, and diverge 
anteriorly. 

Sometimes a great concentration of muscle - scars occurs 
round the foramen in the ventral valve, as in Sipkonotreta, 

As regards the minute structure and composition of the shell 
in the l^rdines, we find that the Lingvlidae and Discinidae 
have their shell composed of alternating xr.yers of phosphate of 
lime and a corneous substance ; the former layers are pierced by 
microscopic canals. The CTaniidae have calcareous shells tra- 
versed by tubules, which divide into many fine branches near 
the external surface; a thin periostracum covers the exterior. 
The Trimerdlidae have heavy thick calcareous shells, for which 
they required the previously-described elaborate arrangement of 
muscles to open and shut them. 
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IL— TE$TICAEDINES 

ExtoroEl dharacters 

Tt is to this division that the great majority of the Brachio- 
jx)da belong ; and the diversity of form, of ornamentation, and 
of internal characters is correspondingly greater than in the 
Ecardinea 

A transversely or longitudinally oval shape of shell is the 
commonest ; but sometimes it is triangular, as in Ehynchondla 
(Fig. 327), or bilobed, as in JPygope ( = Terehratula diphyci). The 
ventral valve is usually more convex than the dorsal, and the 
former may be prolonged into a tube by the accelerated growth 
and infolding of the anterior and lateral margins, producing a 
very abnormal form (JProboacidella), The external suiface of the 
valves is frequently ornamented with more or less prominent 
radiating ribs; and fine concentric growth-lines are commonly 
shown, and may be developed into coarse ridges or wrinkles, 
particularly in old individuala The members of the family Pro- 
duuitidae are usually furnished with tubular spines, which are some- 
times of great length, and served to anchor the free shells in the 
mud, or were twisted round Crinoid stems and similar objects. 

In the ventral valve of many genera there is a median sinus, 
with a corresponding fold in the dorsal valve, and rarely vice 
versA ; sometimes the fold and sinus are double. 

The hinge line is either curved or straight, and the valves 
are articulated by means of a pair of “ hinge- teeth ” (Fig. 329, 0 
in the ventral valve, which fit into corresponding sockets in the 
opposite valve. Some genera have the teeth very rudimentary, 
or have lost them altogether. The teeth are frequently sup- 
ported by " dental plates,” and the sockets by " socket plates " 
(ag. Comhidium, Figa 324, 325). A few genera with a long 
hinge line have the whole of it denticulated {Stropheodonta). In 
the dorsal valve medianly close under the hinge line is a shelly 
protuberance — the "cardinal process” — to which the diductor 
muscles are attached. It is sometimes of great length and 
forked {Stringocephalus, Fig. 326), or tripartite, or even quadri- 
partite ; but in Ehynchondla and some other genera it is rudi- 
mentary. 

VOL. lit 2 Z 
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A " hii^ area ” (Fig. 334, e.a) is often present on (me or botli 
valves, and may be of great size, as in Clitamhonites, but in 
Prodmtus it is wholly absent. In those genera that possess it a 
triangular fissure — the “ deltidial fissure ” — ^frequently traverses 



Fio. gakatum, 

Wenlock Limestone. 



Fio. 32C . — Cmichidium galeatvm. 
Transverse section, d, Dor- 
sal valve ; dorsal septum ; 
s, socket plate ; v, ventral 
valve ; v.s^ ventral septum ; 
d.ji>t dental plate. 


it on both valves ; in the dorsal valve the fissure is merely the 
space between the dental sockets, and may be occupied by the 
cardinal process (Fig. 334, C) or covered by a shelly plate — the 
" chilidium.'" In the ventral valve it gives passage to the pedicle, 



Fiq, B26,^S£nHgocephaliU Bwiini, (Modified from Woodward.) Devonian. A, Interior 
of dorsal valve. Bt Side view of interior of shell ; o, adductor (socolusor) scars ; 
c, crora; c.j 9 , cardinal process ; dorsal septum J h,Pf hinge plate ; brAchial 
loop ; $p, shelly processes ; ts, dental sockets ; v.s, ventiiil septum. 


and may be partly or entirely closed by a aimilar plate (Fig. 
334, d) known as the " pseudo-deltidium,” especially large in 
(MitamboniUea, or remain open (Orthis), This pseudo-deltidium 
is a primitive character, and arises in an early stage of the 
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dev!el<^inent as a sbdl-^owth on tbe dorsal side of tfas 
beoomiog attached to the ventral valve subseqnratly. Tbe pedicle 
in numy genera passes ont through a q[>ecial foramen in the beak 
of the ventral valve ; and its proximal portion is often embraced 
by a pair of small plates — ^the deltidial plates or “ deltidinm ” 
— ^which are formed on lateral extensions of the ventral mantle 
lobe, according to Beecher. These plates lie on ssph side of the 
pedide, or grow round and unite in front of it {jShynchondla, 
Fig. 327), or constitute merely its anterior border (Terebratvla, 
Fig. 328). In some cases this foramen becomes closed in old age. 

The dorsal valve in a few cases has its beak perforated by a 




Fia 827. — RhjpuAonella JBoueti. Via. 328. — TerebraMa idla. 

(Ooratnaiili.) d, Deltidium; (Iiower OieeniaDd.) 4, 

f foimmen. ndtidium ; /, toamen. 

foramen — the “ visceral foramen.” This foramen is in no way 
connected with the pedicle foramen, but points perhaps to the 
existence in the early Teaticardinate genera of an anal aper- 
ture. In Athyria concentrica (Devonian) this foramen is connected 
internally with a cylindrical tube, which extends longitudinally 
to about one-third the length of the valve. In CtWUrondla the 
aperture in the cardinal plate is rounded and complete ; and in 
^rophomena and its allies the opening lies between the cardinal 
processea If this feature is correctly interpreted, it suggests a 
retrogression of the group since Palaeozoic times not only in 
numb^, hut in structure ; and other evidence points the same 
way. 

btomal Oluuraeten 

The interior of the shell is sometimes more or less divided up 
by sqtta. A median septum occurs in one qr hoUi valves of 
many genera as a low rid(^ or strongly developed partiticm ( 
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heimia^ B29, ss ; and Stringocephalus^ Fig. 326, B, vS). Cm- 
ehidium (Fig. 325) has its dental plates of great sise, and unit* 
ing to form a V-shaped chamber or " spondylium/" supported by a 
median double septum ; and by means of these with a pair of septa 
and the large socket-plates in the dorsal valve the interior of 
the sheU of this genus is divided up into several chambers 

The interiors of several other genera are somewhat similarly 
divided up. 

In tile Carboniferous genus SyringothyriB two special plates, 
situated between the dental plates, are rolled into an incomplete 
tube, so as to enclose probably the anal extremity of the ali- 
mentary canal ; and in several genera a sub-umbonal '' cardinal 



Fia 829. — WaJdhgimia (^MiigdUinicC^JUx/veacev^ A, Interior of Tentral yalve : a, adductor 
scars ; i/.a, ventral adjustors ; divaricators ; cud, accessory divaricators ; pedun- 
cnlar muscle ; dm, deltidium ; /, foramen ; t, teeth. B, interior of dorsal valve : 
a. a, anterior adductor (occlusor) scars ; a.p, posterior adductor (occlusor) scars ; 
c.pf cardinal process ; cr, crura ; d.s^ dental sockets ; kp, hinge-plate ; I, brachial 
loop ; sgf septum. (After Davidson. ) 


plate ” is present, which is perforated {Athyris) or slit in some 
cases for the passage of the anal tube. 

For the support of the fleshy spiral arms ” the calcareous 
structures forming the brachial apparatus are of two main 
types — (1) the loop type; (2) the spiral-cone type. In the 
^rophiymemdae no special calcareous support seems to have been 
usually present (Fig. 334), though in some species of L^taena 
spirally-grooved elevated areas supported the fleshy arms ; in the 
Prodmtidae it is probable that the ridges enclosing the " reai- 
form impressions " (Fig. 333, i) served for a similar purposa 
The Tmfbratuli^ show the " loop type ” of bracbM a|^a* 
ratua In Waldheimia (Fig, 329), which may be taken as m 
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example, we notice first in the dorsal valve the crura” {er\ 
from which arise the two ‘‘descending branches” which run 
forwards and then are bent back to form the "ascending 
branches ” which are united hj the " transverse band” In some 
genera the " ascending branches ” may be reduced to mere points, 
and the " transverse band ” become a median vertical plate ; the 
" crura,” too, may be fused so as to form a " crural band ” ; and 
the " descending branches ” may be connected by a cross band — 
the "jugal band” In Stringocephalm (Fig. 326, /, ajp) the loop 
is furnished on its inner edge with radiating processes; and 
in Argiope the loop is simple, not reflected, and fused with 
marginal septa ; while in the Thmidiidae it is more or less fused 
with the shell itself, and with the mass of calcareous spicules 
secreted by the mantle. 

The " spiral-cone type ” of brachial apparatus is found in the 
Spiriferidae, Atrypidae, and Koninckinidae, and consists of two 
spirally-enrolled calcified lamellae, forming two cones with their 
apices directed laterally {Spiriferay Fig. 330), or towards the 
interior of the dorsal valve {Atrypay Fig. 332), or towards 
each other {Gl(mia)\ or forming two flat spirals in the same 
plane (Koninckinidae). A "jugal band ” is generally present, but 


varies much in position, 
and in some genera has 
complicated posterior pro- 
cesses. 

The Rhynchonellidae 
have no loop or spiral 
cones, but merely a pair 
of short " crura.” 

The principal modifi- 
cations in the attachments 
of the muscles in the 



Fia. S30 . — Spirifera (Carboniferous Lime* 

stone. ) Showing bnobial spires. 


Taticourdines ore illustrated by Prodwctus gigantena X^ig. 383), 
Zeptaena rhomZoidalis (Fig. 334), and Wcddheimia Jlaveaeens 


(Fig. 329> 

In Froduetits (Fig. 333) we see in the ventral valve a pair of 
dendritic ooclusor, often called adductor, impressions and a pair 


of large flabdlate divaricator impressions. In the dorsal vedve the 
large “ cardinal process ” served for the attachment of the divari- 
cator, and a low median septum separated the dendritic ocdusor 
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sears, ^iiich ate rarely divisible into anterior and postorioi^ 
paira . 

In L^tatTM (Fig. S34) the ocdusor scars (a) in the venteal 



Fia. 381. — Atrypa reticu^ Fig. 332, — Interior of the same, seen 

laris, (WenlcK'k Lime- from the dorsal side, showing 

stone.) brachial spires. (After Hall.) 

valve are narrow and median, and are enclosed by a pair of 
flabelliform divaricator impressions {d,v) \ in the dorsal valve two 
pairs of occlusor scars (a.a, p,a) are well marked, and accessory 
posterior occlusor scars are traceable in some specimena The 



Fio. 883 . — Proiwists gigmUsu, (After Woodward.) Carhoniferons limestmie. A, 
Interior of doi^l valve, B, Interior of ventral valve. C, Transverse section of valves. 
D, Hinge line of A : a, occlusor scars ; cf, divaricator scars ; f, “reniform impres- 
sions ” ; eOi cardinal process ; A, hin^ line ; brachial prominence ; a, cavity 
for spiral arms ; do, dorsal valve ; w, ventral v^ve. 

vascular sinuses («.«) and genital areas are oonspicuous in many 
species of this and other genera. 

In WaWuimia (Fig. 329) a sub-umbonal “ peduncular muscle ” 
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aeax (jf) in the ventral valve has before it a pair of "aceesscny 
divaricator ” scars {a.d) flanked by a pair of “ ventral adjustor " 
(».a) and a pair of " divaricator ” impressions (d), between which 
lie the two occlusor soars (a). In the dorsal valve anterior and 
posterior pairs of occlusor scars (a.a, a,j)) are visible. 

The minute structure of the calcareous shell of the Testi- 
cardines is of flattened fibrous prisms inclined at a very acute 







Fia. 334 . — Lepiama rhomhoidalia. (Snurian.) 
A., External view of ventral valve. In- 
terior of ventral valve : a, ooclaaor acm ; 
df paendo-deltidiiim ; divaricator acars ; 
CM, hinge area; i, teeth. C, Interior of 
dorsal valve *. a. a, anterior occlusor scan ; 

p.a, posterior oc- 

CA dusor scars ; c.a, 

hinge area ; e.p, car- 
dinal process ; d, 

chilidium ; », dental 
sockets; o.a, vascu- 
lar sinuses. 


angle to the surfacea In many forms minute tubes more or 
less closely arranged pierce through the fibrous shell-substance ; 
but in some genera (Productus) they do not reach the outer 
surface (see p. 468), Allied genera, however, differ much in the 
punctate or impunctate character of the shell 


Synopsis of Families 

I. Ecardines 
Family : Lingulidae 

Shell elongated, composed of alternating chitinous and calcareous layers, 
the latter of which ore perforated. Attached by a pedicle passing between 
apices of valves. 

Arms have no calcified supporta 
(For muscles see Fig 322.) 

Range. — L ower Crabnan to Recent: 

Principal Genera. — Lingula^ Lingulelloy Lingutcpis, 
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Family: OhoHdfU 

Shell vax^ in sliape. Ventral valve provided with pedicular groove 
or foramen. Cardinal border thickened. No brachial eupporta Shell 
eompoaed of alternating chitinouB and calcaieoua layera 

(For mnaelee see p. 496.) 

BANOK-rl^wer Cambrian to Devonian. 

PaiNciPAli Gbxbra . — OboluSj Oboldla, KtUoryina, Linnaruonia^ Bipkaruh 
tnia, Neobolta, 

Family : Disdnidae 

Shell rounded) valves more or less conical, fixed by pedicle passixig 
through slit or tubular foramen in ventral valva No calcified bradbial 
supporta Shell structure chitino-calcaieoua 

Bangb. — O rdovician to Recent 

Paikcipal Qisneba . — Diicmoy Orbicuhidea^ TrematUt, 

Family : Craniidae 

Shell calcareous, subcircular ; fixed by surface of ventral valve ; dorsal 
valve the larger, depressed- conical. Shell structure punctate. 

Four principal muscular scars in each valve, with central triangular pro- 
tuberance in ventral valve (see p 476). 

Bakoe.— ^Ordovician to Recent 

Pkinctpal GfiNua — Crania. 

Family : THmerdlidae 

Shell thick, calcareous, ineqnivalve ; beak of ventral valve usually 
prominent ; rudimentary teeth may be present ; hinge area well developed, 
with pseudo-deltidium. In interior of valves muscular platform, “ crescent,^' 
and sometimes 6ub<umbonal chambers (see p. 494, Fig. 323). 

Range. — Ordovician and Silurian ; maximum in Wenlock. 

Principal Genera. — Trimerella, Monomerellay Dinoholvs^ jRhinobolu$. 


11. Tebtigardines 
Family : Productidae 

Shell entirely free, or fixed by ventral valve or spinea Concavo-convex, 
more or less covered with tabular spines. Hinge line straight Hinge-teeth 
absent or rudimentary. 

Cardinal process prominent 

Beniform impressions in dorsal valve. 

(For muscula^ impressions see p. 501, Fig. 333.) 

Range. — Silurian to Permian. Genus Productus very characteristic of 
the Carboniferoua 

Principal Genera. — Praductmt Ohoneks, StivphaloMf Prdbmiddia, 
AvMege$, 
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Family: Stnopkmmidae 

Shdl very variable in shape ; cpnoavo-convex, plano-convex, or biconvex ; 
hinge Ime neually stxmght ; freqnentiy with an aiea on each valve ; fommea 
may or may not be present Shell stocture nearly always punctate, Tentml 
valve ttsimlly fumiahed with hinge-teeth ; and doml valve with cardinal 
prooBSS. 

Brachial supports completely absent or very rudimentary. 

(For muscular impressions see p. 602. Fig. 334.) 

Ranos. — ^W holly Palaeozoic. 

pRiKOtPAL Qkkxba. — Orthds with many sub -genera. ClitambonitUf 
Skmidium, Strophomena^ OriMieUs, Lej^aenOy Stropheodimia, FlsdarnhomUs, 

Family : Koninekimdae 

Shell plano-convex or concavo-convex. Brachial apparatus composed of 
two lamellae spirally enrolled in the same plane, or in the form of depressed 
cones, with the apices directed into the ventral valve. 

Ranoe. — Silunan to Lias. 

PRINOIFAL Genera. — Koninckinay Koninckellay Coelotpiray Davidsonia. 

Family : Spiriftridae 

Shell biconvex. Brachial apparatus consisting essentially of two descend- 
ing calcareous lamellae which by spiral enrolment form a pair of laterally- 
directed cones (Fig. 330). 

Range. — Chiefly Palaeozoic, but a few forms pass up into the liaa 

Principal Genera. — Spirifera, Gyrtia, UndteSj Athyrisy Merista, 

Family : Atrypidae 

Brachial apparatus consists of two descending calcareous lamellae which 
bend outwards at the extremity of the crura and are coiled into two spiral 
cones, the apices of which either converge towards each other {GUuiia) or 
towa^s the dorsal valve {Atrypay Fig. 332), or diverge towards the dorsal 
valve (Da/yia ) ; shell structure impunctate. 

Range. — Ordovician to Triaa 

Principal Genera. — Atrypay Dayia, Olassia. 

Family : Bhynchonellidae 

Shell biconvex, hinge line usually curved. 

Beak of ventral valve incurved, with foramen. 

Calcareous brachial supports redudid to a pair of short curved crura. 

The septa, dental and socket plates may be highly developed and divide 
up the cavity of the shell into chambers {Bem>chimay CanMdiwm). 

Shell structure fibrous, rarely punctate; muscular impressions as in 
TmbraihUidae, 

Rjlngb. — O rdovician to Recent : majority of the genera ore Palaeozoic. 
Principal QmvBJk^^Bkynehmella (Fig. 327) SttnochitfMty StrickkmdiOy 
CkinMdMtm. 
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Family : T$rdiratulida$ 

Shell structure puuctate. 

Anns sui^rted hy a calcareous loop, usually bent bach on itself. 

(For muscular impressions see p. 502, Figs. 328, 389.) 

Beak of Central ralye perforate by foramen, furnish^ with deltidium. 

RANGB.-^I>evonian to Recent ; maximum development in Mesozoic times. 

PamciPAii Gsnbba. — TtrthraJtvla^ Tertk/^ iUulinay WaMhei/mia^ TerdtmUUa^ 
KingmOj Magas^ CerUrtmeUa, 

Family : Argiopidcte, 

Large foramen for passage of pedicle. Marginal septa present in both 
valvea Calcareous brachial loop follows margin of shell and is more or less 
fused with the septa. Shell structure punctate. 

Ranob. — J itrassic to Recent 

Pbinoipal Genera. — Atgiopty CttUlltu 

Family : Stringoc^halidtu 

Shell subcircular, punctate. Cardinal process highly developed, bifid. 
Brachial ajqparatus composed of two calcareous free lamellae, prolonged at 
first downwards, then bent back, upwards and outwards to run parallel to 
margin of shell and to unite in front, thus constituting a wide loop. 

Range. — Silurian and Devonian. 

Sole Genus. — StHngocejiMlus, 

Family : Tkeddiidat 

Shell usually fixed by beak of ventral valve, plano-convex. Sub-cardinal 
apophysis in ventral valve for attachment of occlusors. Marginal septa in 
dorsal valve. Calcareous brachial loop more or less fused with shell, and 
with calcareous spicules of mantle. Shell structure : inner layer fibroma 
outer layer tubulated. 

Range. — Carboniferous to Recent 

Principal Genera. — l^hecidiumy Oldhamina, 


Stratigraphical Distribution of Brachiopoda 

It is remarkable that some of the earliest types of Brachiopoda 
exist generically unchanged at the present day. Such are Lingvla, 
ranging from the Cambrian ; DisciTui, and Crania^ ranging from 
the Ordovician ; and amongst the hinged forms* Terebratvla from 
the Devonian, and Bhynchondla from the Ordovician. 

In the lowest Cambrian (Olenellus beds) the most important 
genera are Idnnarsionia and KtUorgina, The hinged forms 
appear in the Cambrian, being represented by Orthu; but the 
majority in this formation belong to the Ecardines. 

LingvlMay and Obolella are characteristic. 

In the Ordovician many new genera of the Testicardineft 
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make their appoinmce, ^ as Sirophomma, Leptama, Atr^ 
BhptukfOndla, C^itambonites, etc., but the extraordinary abundauoe 
ai^ variety of Orthi$ is most remarkable The TtriartU nw. me 
reiuforoed by such forms as Trematie and Siphonoireta. It is, 
however, in the Silurian that the Testicardinate Brachiopoda 
attain their maximuni, fior in addition to a great development of 
species amongst the older forms, a host of new genera for the 
first time occur here {^vrifera, Athyrit, Conehidium, StricMandia, 
Ohofutet, Oyrtin, etc.) j and the TritMTdliAne are Agpu ninlly 
characteristic of the Wenlock. 

With the commencement of Devonian times many species and 
genera become extinct, but new forms come in (TerebratiUa, 
Orthotkete$, Producius, eta), and some genera are wholly cnwfinad 
to this formation ( Uveites, Stringoeephalm). The Carboniferous is 
marked by the maximum development of Produetus and Spirtfera; 
Orthothetes, SUnoehisma, and Athyris are also abundant, but there 
is a considerable extinction of the older genera and species, and a 
great diminution in the number of individuals and species of 
those that persist. 

A further reduction occurs in the Permian, where the most 
important genera are Prodwtus, Strophalosia, and Stenochisma ; 
but Atdosteyes is a new form peculiar to this period. In the 
Trias a new era commences ; the principal families and genera 
of the older rocks disappear entirely ; a few spire-bearing genera 
persist {^iriferina, Athyris), and the genus Koninchina is 
restricted to this formation. 

The enormous development of species of the Terdtratvlidas 
and Mhynchondlidae is the most noticeable feature in Jurassic 
times ; and a few ancient types linger on into the lias (i^n- 
ferina, Suessia, a sub-genus of SpiHfera ) ; KonivekeUa here occurs. 

The Cretaceous Brachiopoda are closely allied to the Jurassic; 
Magas and Lyra are peculiar to the period, and the Terebradvlidas 
and Shynohonellidae are very abundant, together with the 
Ecardinate genus Crania. 

With the commencement of Tertiary times the Brachiopoda 
have lost their geol<^cal importance, and have dwindled down 
into an insignificant proportion of the whole Invertebrate feuna. 

The distribution of the Brachiopoda in past time is shown 
in the feUowii^ taUe: — 
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Ecabdikxs 

Lingcilidae linguU . . 


Obolidae 


Discinidae 

CnBiidae 

Trimarellidae 


Lingulella . 
Oboliis . . 
Obolelk. . 
Kutorgiua . 
Lmnarssouia 
Trematis 
Siphonotreta 
Aorotreta . 
Discina . . 
Crania . . 
Trimerella . 
Dinobolus . 


Tebticabdikiss 

Productidae Produotua . 

Ohonetes . 

Strophaloaia 
Strophomenidae Orthis . . 

Skenidinm . 

Clitambonites 
Strophomena 
Stropheodonta 
Leptaena 
Orthothetea 
Bavidsonia . 
Koninckinidae Koninckina . 


I Atxypidae 


1 1 1 1 1 1 1 


Koninckella 
Spiriferidae Spirifera . . 

Spiriferina . 
Cyrtia . . 

Syringothyris 
l/ncites . . 

Athjrris . . 

Merista . . 

Betzia . . 

Atxypidae Atrypa . . 

Dayia . . 

OoeloBpira . 

Rkynohonellidao Rhyncnonella 
Stenochiama 
Strioklandia 
Conchidinm 
Terabratulidae Teretnratula . 

Terebratolina 
Waldheimia 
Tazebratalla 
Kingena . . 

Magaa . . 

CentroneUa 
Argiopidae Argione . . 


Ci^lla . . . 
dtringocerihalidae Stiingocephalus 
Ilia^iidaa Tbecidium . . 

Oldkamina . . 
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PHYLOGENY AND ONTOGENY 

Wherever suooessive stages in the liJfe history of an individoal 
resemble in important anatomical features the adult individuals 
of other specfes occurring in successive members of a strati- 
gri^ical series, the development of the individual may be 
regarded as an epitome of the development of the species; it 
also generally throws light on the origin and relationships of 
allied genera and families. 

In the case of the fossil Brachiopoda comparatively little 
work has yet been done in tracing their ontogeny or phylogeny, 
though the abundance, variety, and excellent state of preservsr 
tion of the extinct species offer a promising field for investiga- 
tion. It is to Dr. C. E. Beecher and other recent American 
palaeontologists that we owe our advance in this branch of the 
subject. 

In the first place, in about forty genera, representing nearly 
all the leading families of the group, the important fact has been 
established of the presence of a common form of embrytmic shell, 
termed the “ protegulum,” which is “ semicircular or semielliptical 
in shape with a straight or arcuate hinge line and no hinge 
area ” (Beecher).^ Its minute size and delicate texture cause its 
preservation to be rare, but its impression is not uncommonly 
left on the beak of the adult shell 

The main features of this embryonic shell are exhibited in the 
adult Lower Cambrian Brachiopod Obolus {KiUorgiTia) labradorieua 
(Billings) ; the sub-equal semielliptical valves have lines of growth 
running concentrically and parallel to the margin of the shell, 
and ending abnqptly against the straight hinge line ; and this 
indicates that there has been no change in the outline and 
proportions of the shell during its stages of growth, but only a 
general increase in siza It is very significant that we have 
here a mature type possessing the common embryonic characters 
of a host of widely separated genera, and we may therefore regard 
it as the most primitive form known. 

Many genera pass through this so-called “ Paterina ” stage 
either in the case of both their valves, or more gmerally in the 
case of the dorsal valve <Hily ; but modificationa in the fmm of 
the jwQtflgiil iim arfee, which axe <kie to the infea^me aoedwafed 

i Am0r. Jlmr. SeitMt, 
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growth, by which features belonging to later stipes beocnne 
impressed oh the early embryonic ^eE The most variable and 
specialiaed valve — the vent^ or pedicle valve — ^naturally ex- 
hibits the effect of this influence first and to the greatest 
extent The l^alaeozoic adult forms of many species represent 
various pre-adult stages of the Mesozoic, Tertiary, and Becent 
species, as is especially well shown in the genera Orhievioidea and 
Diieinisea. 

In the Strophomenoid shells the protegtilum in the dorsal 
valve is usually normal, but in the ventral valve abbrevisticm 
of the hinge and curvature of the hinge line are produced by 
acceleration of the “ Discinoid stage " in which a p^de notch 
is present 

Ko marked variation has yet been noticed in the spire-bearing, 
or Terebratuloid, or Bhynchonelloid genera 

The form of the shell and the amount of difference in shape 
and size of the valves seem to be largely due to the length of the 
pedicle and its inclination to the axis of the body, as evidenced 
by the development of Tereh-atvlina. A series showing progressive 
dissimilarity of the two valves arising from these causes can be 
traced from lAngvla to Crania. The greater alteration that takes 
place in the ventral valve appears to be due to its position as 
lower and attached valve. If the pedicle is short a transversely- 
expanded shell with long hinge line results when the plane of 
the valves is vertical or ascending, but when the latter is hori- 
zontal a Discinoid form is found. This mode of attachment is 
oft^ accompanied by a more or less plainly devdoped radial 
symmeixy. Shells with long pedicles, on the other hand, are 
usually longer than wide. 

The character of the pedide-opening is of great significance 
from an evolutional and classificatory point of view, for the suc- 
cessive stages through which it passes in embryonic growth ate 
chronologically parallelled by different genera, and are likewise 
accompanied by the successive acquisition of other important 
anatomical characters, as has been shown by Beecher and othera 
The first and simplest type of pedicle opening is in shells with a 
posterior gaping of the valves, where the pedicle protrudes liceely 
betweoi them in a line with the axis, and the (^pening is n^umd 
1^ bod) valves, though generally to a greator extent by die ven- 
t^ vdva Pakrintk ( « lairaderieuB) and J Um fuda furnish 
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examples of thu t jpa lo fche second type the pedicle opening is xe- 
strieted to the ventral valve, and the (Erection of the pedicle makes 
a right angle with the plane of the valves ; in the lower forms 
the pedicle lies in a slit or sinus (TremoHdae), but by hirtber 
specmlisation it becomes enclosed by shell growth so as to lie 
within the periphery, and finally becomes subcentral in some 
genera (IHteinidae). The third type shows the pedicle opening 
cmilined to the ventral valve and submarginaL A pseudo-delti- 
dinm may preserve the original opening (Clitambonitea ) ; or this 
shelly plate may become worn away or reabsorbed in the adult so 
that the deltidial fissure through which the pedicle passes 
remains quite open (Orthidae). In the fourth type the incipient 
stage marks a return to the simple conditions of the first type ; 
but ultimately a pair of deltidial plates develop, and may com- 
pletely limit the p^icle opening below. Examples of this type are 
Sjpirifmi and Bhynehonella. By means of these four types the 
Brochiopods have been divided into four Orders: the Atremata 
(type i.) ; the Neotremata (type ii) ; the Frotremata (type iii.) ; 
and the Telotremata (type iv.^ 

The Teloiremata were the last to appear, but the four types of 
pedide-opening with the various forms of calcareous brachial 
apparatus were in existence in the Bala period of the Ordovician, 

As Paterina is the most primitive form of all, we may place it 
at the root of the phylogenetic tree. From it sprang the Atremata, 
which gave off the Ifeofrtmata and ProtremcUa; the most primi- 
tive Ifeoiremata seem to be the Tremaiidae, while the connecting 
link between the ProtTeWiCitci and Atfatnatu is furnished by the 
Kutffrginidae. From the genus Conehidium, and its allies we 
may see how the Bhynehondlidae ushered in the Tdotremata as 
an ofifehoot from the Protremata. The TdoirvnuUa subsequently 
gave off two main branches, which became specialised with the 
loop-bearing and spire-bearing forms respectively. 

The evolution and mutual relationships of genera have been 
indicated with much probability by Hall, Clarke, and others. 
The Obolelloid type may be connected with the linguloid by 
means of Lin^dla and Idngvlepia, while in UiigvlM itself we 
find the point of divergence for the ancestors of Trimerdla, and 
for a line of variation culminating in IHgnomia. The Palaeo- 
zoic Rhynchonelloids brwiched off at an early period from Ow 
sune Btodc as Ortkia, and are c<»neoting links between this 
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genua and Ifesosoio Bhjndionellae ; and a whole seriea of genon 
exhibit intermediate stages structure between the Bhyn- 
ch<nielloid and Pentameroid groupa The Terelnratuloiifo can be 
traced back to the primitive tTpe Benmellaria; and amongst 
qtire-bearing forms, the protean genus Spirifera can be split up 
into groups of species which diverge along lines tending to forms 
no longer congeneric. When we come to deal with specific 
differences we find frequently such a host of intermediate varieties 
that the separation of many species, as in the case of Mesozoic 
Terebratulae, is to a large extent arbitrary and artificiaL 
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Beferenoes to Bguics are printed in thick type (MS, IST) ; to qratematio podlion, 
in italics (S91, j^O) 


ABRALIA, S91 

Absorption of internal portions of shell, 

m 

Abyssal MoUosoa, 874 

Aeanthoeenu, 899 
Aeanthoehitont 408, 403 
AeaTiihodoria, 434 
AcanthoplaiTUf 403 ; eyes, 188 
Aeamu^ 303, 801^ 385, 441 
Aeera, 246, 430 

AehaHnOt 278, 828-837, 888, 44S, «48 ; 
jaw, 211 ; food, 83 ; size of egg, 124 ; 
A,fulicay 279 

AchaHn^ 278, 826, 327, 443 ; radula, 
284 ; musical sounds, 61 
AchaHneUoidea, 882 
Acicfdat 287, 296, 4J4 
Aomaea, 403 ; radula, 227 
Acme, 414 
AemtUa, 314^ 413 

386, 414 

Acrotreia, 304, 508 

Actaeon, 260, 427, 428, 439 ; radula, 217, 
230; streptonenrons, 203 n. 

Actaeonella, 430 
Actaeonia, 4931 
Asfaeontna, 260, 4SO 
Aciinocems, 394 
Aeiinodofita, 447 
Acu$ta, 806, 816, 818, 441 
Adama, 12, 297, 433 
4dalariat434 
AdamnOki, 414 
Addistmia, 413 
AdUpkceii^, 393 
Adwrbis, 4J6 
Adme(e,436 
A^ffina, 434 
Atffiaia, 806, 816, 441 
Aeffoeenu, 3^ 

VOL. m 


Aeolis, 10, 162, 433 ; radula, 217, 
229 ; stinging cells, 66 ; mimicked 
by Soffortia, 68 ; warning coloration, 

72 

Aerqpe, 828, 333, 440 ; radula, 215; 

habits,' 54 
Aestivation, 26 

Aetheria, 328-386, 433 ; variation, 92 

Afriearim, 833, 440 

Agarmia, 436 

Age of snails, 89 

Aglossa, 7 

Agnatha, habits, 61 

Akiodoria, 434 

AlQba,41$ 

Alaria, 4IS 
AlariopaiB, 430 
Albersia, 320 
Albino varieties, 87 
Alcadia, 348-351, 4IO 
Alderia, 433 
Alexia, 439 
Alieia, 439 
Allognathua, 441 
AUopaguSy 432 
AUoposidae, S84 
Alvania, 413 

Alyeasus, 266, 302 f., 309, 319 , 414 

Afiudia, 440 

Amalthea, 78 

Amaltheus, 398 

Amaatra, 443 

Amastra, 4II 

AmberUya, 409 

Ambonychiof 440 

Aandcvla, 404 

Ammmitea, 247, 898, 898, 398 ; sntares, 
898 ; aptychtts, S9T 
Ammonoldea, 396 C 
Amniecla, 826, 413 
Amma, radula, 222 

2 L 
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Ampditaf 335^ 44^ 

AmpkSfola, 10, 33, 4^9 ; breathiug, 151 ; 
radola, ^6 

AmphiMimuSf 352, 44^ ; radula, 233 
AfU^l^i/idoiixtt 358 

Amphidmnw^ ^1, 305, 317, 310 , 359, 
449 ; radala, 238 

Aitpbineura, 8 , 400; breathing organa, 
154, 168 ; nervous system, 808 ; geni- 
145 

Amphipeptm^ 449 
AmphipemSf 4X9 
Ainphispfvyra^ 4S0 
Amphisaat 49S 
Ampkdtretus, 888 

AmptUlarWy 17, 4^9 ; solf-biirial, 42 ; 
spawn, 186 ; breathing organs, 151, 
168 ; jaws, 818 ; shell, 849 , 263 ; oper- 
culum, 868 ; distribution, 294, 320, 
822, 843, 859 
AmptUfarinOf 802, 449 

AmpitUmOt 4^1 
Amussium, 4S0 
Amydat 4^4 
An€X>athron^ 4X5 
AnachiSf 44$ 

Anadenua^ 24, 44^ 

Anal glands, 241 
Anal siphon, 164, 173 
AnastonwpsiSf 444 
Anatina^ 274, 275, 459 
Anatinacea, 458] gills, 167 
Anaulua, 414 
AwMaUmay 293, 296 
Aw^illOy 267, 445 
AncillincLy 4^ 

Afieiatrochinu, $91 
Anciatromeauay 405 
AnciatroUuthia, $91 

AncvlOy 444 i radula, 229, 230 ; warning 
coloration, 72 
AncuhttUy 417 
AncytocenUy 247, $99 
Ancyluay 19, 449 ; breathing, 162 ; hiber- 
nating, 27 ; radula, 880 
AneUeay 326, 444 
Angitrema, 840, 417 
AniaocardWf 451 

Anodeniet, 5169, 841, 45 $ ; shower of, 47 ; 
variation, 92 ; Oloehidiumy 147 ; gill, 
187 ; qtocyst, 197 ; nervous system, 
808 ; hinge, 274 ; A . anatinciy 24 ; dis- 
tribution, 282 
AnodoaUopaisy 451 
AnoalmtOrn 8^4 A4t 

A^^S57y m 464 ; intestine, 241 ; 

byssus hoUii 888 ; hearing, 196 
Auomiaoea, 448 
Ancplopkfmi, 451 

Amatomay 848 , 266, 856, 358, 444 ; aper- 
tura, 88 

AfUkraeoaiay 451 


AnwUy 444 
Anus, 209, 241 
Apera^ 834, 440 
Apermitmuy 344, 414 
Aphanotrochuay 4 O 8 
Aphelodonay radula, 230 
Apiealiay 444 

Aplaoophora, 9, 404 ; radula, 228 
Aplecta, 854, 4$9 

Aptustrum, 845 , 488 , 440 ; radula, 230 
Aplyaia, 245, 488 , 441 ; stomach, 239 ; 

purple fluid, 65 
A^yaioidea, 4$0 
Aporrhaiay 4^8 ; radula, 215 
Apricwrdiay 455 
Aptychus, 897 
AptyvdMay 4X7 
Aptytday 444 

Anl Sea, LiWMtm from near, 84 ; Oar^ 
dium from, 91 

Arctty 14 , 171, 873 , 448 ; eyes, 191 
Arcacea, 448 

Arcaohon, oyster-parks at, 105 
ArceaUay $97 

Arckidoriay 484 , 4$4 ; protective colora- 
tion, 78 

Architeuthisy 378, 890, 390] sucker, 881 
Arcomytty 458 
Arcotmiay 307, 454 
Arctic shells, colour of, 86 

ArctteUuy 444 

Argupet- 470 , 472, 479, 487 *, parasite of, 
485 ; distribution, 486 ; fossil, 501, 506y 
508 

Argiopidae, 506y 608 

Argobuccinumy 440 

Argonauta, 883 , $8$ ; egg-laying, 127 ; 

liectocotylised arm, 137 ; radula, 236 

Arinia, 4^4 

Ariolvmaxy 44^1 341 ; radula, 233 
Ariony 440 ; shdl, 175, 245, 246 ; hanlier 
than kdiXy 24 ; voracity, 80 f. ; egg- 
laying, 42 f. ; protective coloration, 70 ; 
pulmonary orifice, 160 ; food, 179 ; 
smell, 193 f. ; radula, 283 ; distribution, 
285 

Arimtay 841 , 358, 441 
Ariopfutntay 801, 808 , 309, 316, 440 ; pro- 
tective coloration, 70 

Aristotle, on modified arm of polypus, 138 

Artefiniay 454 

ArthuTiay40$ 

AaophUy 456 
Aacoceraay $94 
Ascoglossa, 11 n., 4$1 
Ashford, C., on pulsations of heart in 
JleliZy 26 ; on homing of ffdix, 35 ; on 
dart-sac, 143 
Asolme, 416 
AapergilluMy 262, 459 
Aapiddwy 829, 440 
Aapidoeeraat S99 
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A89mUeaf 41S 
Aftarte^ J^Bl 

4S9 

Astralium, 409 

At^oraetyih&rus, 449—*Bee Janella 
Atkyris^ 49^, 500, SOS; stratigmphioal 
distribution, 507, 508 
Ataiot, 499 

AUantch 421, 499 ; foot, 200 
AtopocoehliSf 330, 44^ 

Atremata, 511 

AireHa, distribution, 486, 487 
Atrypa, 501, 80S, SOS ; stratigrapbical 
distribution, 507, 508 
Atiypidae, 501, 50£s 508 
Aiuna, 393, SOS 
Atys, 488, 4S0 

Aucapibiine, H., on tenacity of life, 
38 

Aucella, 440 

AtUopoma, 157, 304, 4^4 : operculum, 

869 

A%iloat€gM^ 504 ; stratigrapbical distribu- 
tion, 607 

AunculOt 439, 499 
AuricvleUa^ 327, 44S 
Auriculidae, 17, 18, 960, 489, 4S9 ; lung, 
160 ; eyes, 186 ; radula, 285 
Auslmiat 301, 804, 440 
Avellanaf 4S0 

Avkulaf 254, 258, 449, 449 ; eyes, 190 ; 
genital orifice, ^2 ; A, margarU-tferat 
100 

Aviculf^pectmt 4S0 
Avicidopinnay 4^^ 

Avinu»^ 409 
Azeoa, 449 

Azygobranchiuta, 155, 407 

Babxnka, 447 
Bactritesy S95 
Baculites, S99 
Baikaliay 290, 415 

Baird, Mr., on the British Museum snail, 
37 

BeUwy 449 ; B. perverm^ 24, 41 
Baltic, fauna of the, 12, 83, 366 
BankMay 408 
BarSaMay 448 
BourUeiay 415 

Barnacle, Rer. H. O., on musical sounds 
produced by Mollusca, 51 
Barometers, snails as, 50 
BarUAtiMy 409 
BasUiMOy 376, 408 
Basommatopbora, 11', 19, 181, 4S8 
BaateroHay 451 

Bateson, W., on ▼ariation in Cardiwmy 91 ; 

on bearing in Aflomas, 196 
BalhmocetMy 89$ 

Baihyd&riBy 4SS 
BaB^fUaUhity S90 


SIS 


Baiim, 320, 4SS 
Badekmm, 304 
Beecher on pbylogeny, 509 
Beetles, prey on Mollusca, 58 
Belay 486 ; raduU, 919 
BdmrnUeey 380 
Belemnitidae, 887 
Belemnaa^syiOy 890 
BeUeroj^ony 990, 4J07 
BdopUfray 380 
Belopteridae, 888 
Belmepuiy 886, 888 
BdoUuihkA, 890 
BembiXy 376, 408 
Bmediciiay 290, 415 
BeTithchuty 377 
Bmthodoliumy 377 
BenndHay 441 

Beudant, experimenta on Mollusca, 12 
Bideford Bridge and mussels, 117 
Binney, Dr. , on epipbrsgm, 28 
BiwMfyOy 341, 441 
Biradiolitesy 4 O 6 
Birds, devour Mollusca, 56 f. 

BilkyneUa, 289, 293, 4 IO 
Bithynioy 836, 342, 4 IO ; stomach, 239 ; 
habitat, 26 

Bittiumy 410 

SUmoepiroy 346, 351 
Btandidlay 16, 414 
BUtnfordiay 414 

Blind Mollusca, 185 
Blood, 171 

Bodd, land Mollusca, 24 
Boeuf and French oysters, 107 
BdvMiy 409 
Bolleniay 846 
Boreo/vsusy radula, 221 
BomeUay 438 ; stomach, 239 

Boraoniay 496 

Borusy 356-858, 441 
Bmrciertay 857, 410 
BourgMetWy ^17 
BourgvigncUiay 332 
Bouvier — see Fischer 
Boyaioy 302, 449 
Brachial apparatus^ types of, 500 
Brachiopo^, fossil, Umestone formed of, 
492 ; shell, 498, 497 ; muscle scars on, 
494, 501 ; platform, 495 ; synopsis of 
families, 503 ; stratigrapbical distribu- 
tion, 506 ; pbylogeny and ontogeny, 
509 ; Orders, 511 

Brachiopoda, recent 468 ; htstorioal 
acoonnt of, 464 ; shell, 465 ; body, 
469 ; digestive system, 471 ; body 
cavity, 472 ; heart, 478 ; exoretory 
oTgans, 474 ; muscles, 475 ; nervous 
system, 478 ; reproductive system, 478 ; 
embryology, 479 ; habits, 482 ; distri- 
bution, 484 ; clastiilcatiou. 487 ; aifini- 
ties, 487 
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BruAnIrma, 4IT 
Bradddi*Wftt«r«p||ofo«, 14 
BrancliiM, 161, 113, 134 
Bmchiftl tlpaioii, 166, 164, 17$ 

Bman, on BOlf-impngnation, 44 
BreathiiiK oi^aiiB — Me Respiration, 
Brant^ine 
Bneh4tMf 459 

Breeding, periodicity in, 12$ 

Broderipia^ 40 $ 

BroHa, 806 
Braumaf 138 
Buecinaiu^, 4$$ 

BueemcpeiSf 4$4 > ledola, 221, 222 ; egg- 
leafing, 128 

Bucemum, 4 , 4$4 ; ntdola, 217 ; mons- 
trosity, 801 ; breeding, 120 ; osphra- 
dium, 185 ; spawn, 186 
Buiimimte, 24, 278, 285, 885 f., 316, 381, 
33$, ; prot^ve habits, 70 ; B. 

patlidioT^ 38 

BnUfMdM, 278, 334, 839-869, 44$ \ 
jaw, 811 , 233 ; radula, 233 ; raziation, 
87 

Butimus, 278, 342-369, 855 , 44t \ radula, 
283 ; 184 

Bulinus — see Jridora 
ByUot 428, 4S0 

BuUia, 155 , 4$$ ; habits, 192 ; foot, 198 ; 

radula, 221 
BttUoidea, 4$9 
Burrowing Molluscs, 446 
Burying propensities of Molluscs, 27, 
41 

Bueifcan, 4$4 1 money made from, 07 ; 

egg-capsules, 185 — see Fidgut 
Butterell, Mr., on habits of TataoellOf 
62 

Byuocardium, 455 
Byssus gland, 201 

Caduxa, 454 

Oadoeeraa^ 888 
Oadulue, 376, 44$ 

CaecUiaTieliat 44 $ ; habitat, 48 ; eyes, 
186 

Oakardha.^ 183 

California, land Mollusoa, 280 
CMuMtonuit 4 O 8 ; jaws, 818 
ChUieiotdiUmt 405 
CkilloekUofL, 405 
CktUoffoaOt 4/i$ 

cmmia,44$ 

OptlUtpoma^ 409 

Cabna, protectiTe coloration, 74 
Chij^umt 4^0 

Cfaijfinat 320, 44$ 

Oa^fMdorie, 454 

Calgptraea, 845 , 4^$ 

Camiuna, 306, 80^ 316, 816 , 44^ 
Camhanan, Mollnsca oi the, 2 
OamUia, 409 


GbmpoQM^ 455 
Oamptoeerae^ 888 
Cktmpimyxt 278, 368, 459 
Otmpylaea, 286, 280 f., m, 44$ 

Canal, 166 

Oane^riOf 4$$ 

Oanidia, 16, 306, 4$5 
Cannibalism in snails and slogs, 82, 
38 

Oantharidust 40$ 

Gantharw, 276 ; radula, 888 
Oapriwit 45$ 

45$ 

Oapulue, 4$$ 

OaraeoluB^ 847 - 351 , 441 
OadKmAaik^ 451 
Gardiacea, 4$4 
Cardiapoda, 4$1 
Cardilia, 454 
Cardinal plate, 500 
Cardinal process, 497, 601 
Oardinalia, 408 
Cdfdinia, 451 
Oardita^ 878 , 451 
Carditelki, 451 
OarditcpnSf 4 $$ 

Cwndiuntf 6 , 378 , 455 , 455 ; ( 7 . edule^ 18 , 
164 ; mo^fications, 12 ; variation, $4, 
81 ; nervous system, 207 ; distribution, 
292, 297 

Carelia, 327, 44$ 

Carinaria^.9t 488 , 4$$ t 200 
Oarinifex, 4 ^ 

Carolia, 4$^ 

Cartuaiandf 296 
Oaryekiwm^ 18, 459 
Caryodee^ 325, 859, 44$ 

Qasdla^ radula, 230 
Qupia^ 12, 297 
Caspian 8^ fauna, 12, 297 
Oauidariat 4$0 
Caemdvla, 16, 27^ 489, 459 
CaaHSy 255, 450 ; radula, 888 
OoMtaUny 344, 45$ 

Oatcndus, 266, 804, 157, 4$4 
Caterpillan mimicking ClautQia, 68 
Oathaicay 816, 44$ 

OaHnellOy 445 

OavoliMay 158, 45$ \ eyes, 186 
Okctna, 4 I 4 

Omia, ; breathing, 152 
CMrodhWa, 454 ; rad^a, 280 
CmifrondlAy 499, 50$y 508 
Cephalopoda, 378 f. ; defined, 5 ; ink, 
65; egg-laying, 127; emb^o, 188; 
branchiiie, 168 ; osphradium, 195 ; foot, 
200 ; nervous system, 206 ; jaws, 213 ; 
radula, 236 
OepolU, 349-851, 44 $ 

CVmsfoma, 4$5 
OemsiuSf 831, 44 $* 

OwEato of Bndibranohs, 71, 169 



INDEX 


5^7 


OeraUU$, $97, 9H ; m 
OmMeif Z$7, $16 
Oerea, n, 354, $10 
CarUdUit $17 

Carithidea, 260, $17 ; a obtum, br^Ath- 
ing. 152 

Ceritii/uipna, $17 
Caritkiuint 16, $16 
Cmmvya, $58 

Chaatodema, 406, $0 $ ; breathing organs, 
154 ; nervous system, 803 ; radnla, 217, 
228 

(9iaetopleura, $03 
Chama, 257, 272, 446, $55 
Cfkamoatrea, $58 

Changes in environment, effect of, 83 f. 
Ghank'Shell, fishery of, 100 
Chaaia, 824, $$£ 

Oujtrqpa, 319, 328-327, $$1 

Ohaaoax, $£$ 

Clulinodura, $30 
Okdotrajne, 183 
Chencpua, $18 
Ohilidiuni, 498 
Chilina^ 19, S$3, 358 
Chilinidae, $39 ; radula, 286 
OhUoirtmoL, $$1 
China, use of shells in, 101 
ChiropteTon, 133 
Chxrolmikia^ 885, 391 
ChiUm, 6, 108, $03 ; egg-laying, 126 ; 
breathing organs, 158 f. ; eyes, 168 ; 
osphradium, 195 ; radula, 888 ; nervous 
system, 808 ; valves, 401, 408 ; girdle, 
408 

CkUondluSy 404, $0$ ; valves, 401 
ChiUya, 16, 348, 851, $1$ 
CMamydephmua, 883, $$0 
Chlamydoconcha, 175, 245, $53 
Chlamya^ $50 

ChloritiB, 306, 311, 319-324, $$1 
CMorostoma, $08 
(MoToatracia, 307 
Oh^mnomphalua, 250, 290, $39 
Chondrophora, 389 
(9umdrqpoma, 346-355, 848, $1$ 
Ohondruiaf 285, 895, 296, $$$ 

Ckoneplax, $0$ 

Cffumeies, 60 $ ; stratigraphical distribu- 
tion, 507, 508 
Ohoristea, $^0 
Oh4irUU)ier€ut, 398 
CftoHM, $83 

C/vromodoria, $3 $ ; jaws, 818 ; radula, 
280 

Chayae^vda, $8S 
CSvryaodUmua, $83 
OhayaostfpBm, $09 
Cingula, $15 
OuigulvML, $38 
OionaUa,$$8 
Cine, $5$, 458 


CkeidAtory fyateat, 169 
dreulka, $08 
Chreninpoiar species, 287 
OirrhotetUhia, 881, 868 
OiaUHa, 467, 470, 472, 476, 476, 479, 
480, $87 ; larvae, 481, 488 ; paiasite 
of, 485 ; distribution, 486 ; fosril, 506, 
508 

dstopua, 385 

datuia, 849, 861, 355, $1$ 

Cladohepatica, $38 
OUmeulus, $08 

OlMiflcation, 5, 8 ; of Gasteropoda, 8, 
OlaihureUa, $86 

(^auaUia, 448, $$8 ; mimicked by cater- 
pillars, 68 ; m<mstrosity, 251 ; distribu- 
tion, 285 f., 894, 805-318, 382, 389-356; 
O. rugoaa, 24 ; aealaria, 278 
Clavagdia, 262, $69 
Ckmatar, 885, 359, $$1 
(lambda, $86 
CktveUa, $8$ 

Claaiiger, 329, $17 
CUa, 18, 805, $83 
dmeatia, $5$ 

CUodoTO, 488, $36 
Cleopcdra, 294, 828, 331, 986, $16 
Clessin, on duration of life, 39 
Oleaainia, 12, 297 
Clio, 488, $36 

Clioua, enemy of oysters, 112 
Clione, 158, $38 
Clvmopaia, $iS7 

Clitamhonitea, 498, 506 ; stratigraphical 
distribution, 507, 508, 511 
aWum, 827, $10 
Clydonitea, 398 
dymenia, 397 
ClypideOa, $06 
Coeculvna, $08 
Oochlicella acuta, 278 
Cochlioltpaa, 77 
Cochloceraa, 398 
CocKtodearm, $59 

Cochloatyla, 124, 278, 818, 315, $$1 
Cockles, use of, 101, 118 
Coeeum, 247, 280, $17, 418 
Coeliaxia, 834, $^ ; habitat, 49 
Coelocentnm, 858, $$8 
Codospira, 505, 508 

Cold wiuter, effect ou oysters, 112 ; on 
ronssels, 116 

Collinge, W. £., on growth and burial of 
sheUs, 41 

OoUiadla, $06 

CfMiadlina, $06 ; radnla, 227 
CoUoma, $09 
CMmtphalua, $30 
Colour of arctic shells, 86 
Colpodoapia, $30 
CUumbarium, $86 
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4^S ; tttdttlA, Sa2 

OolumbeUe^ria, 

CaumbeUim, m 
munma, 328, SaH, 44$ 

CwvMOa, 16, 4$4 
Composition of si^l, 252 
Cm^uity 463 

ConcMditan, 497» 468, 600, S0 $ ; strati- 
grophical distribution. 507, 508, 511 
Chnefud^Ms, 267^4^ 

Conidea^ 4^ 

Oonocardium, 4^S 
CmofHs, 4$^ 

Conus, 247, 275, 4^6 ; poisonous bite, 65 ; 
toot^, 66 ; shell, 66, 666, 260; mimicked 
by Slrombus^ 66 ; prices given for rare, 
121 ; spawn, 166 ; radnla, 218, 660 ; 
opercnlum, 666 
CooAna, 4^ 

Ooptoehilus^ 314, 474 
CmutlxophagOt 461 
ChyraUi^ghilcii 75, 4ISS 
CoralUophilidae, radnla, 216 
Goramhty 4$4 
Comsiat 311, 319-321 
CmUcyla, 15, 288, 292 f., 4$^ 

CorbiSy 4^2 
OorhUaj 4^6 
CoriUay 303 
GoTondy 27 y 44s 
Gorcmaria, 667 
C(nyday 346-351^ 441 
GoryphelUiy 46$ 

GosTnoceraSy S99 
Cowry used as money, 96 
Coyote trapped by Haliotis, 57 
Granchta, S91 

Granidy 464, 467, 468, 469, 471, 472, 
473, 475, 476, 477, ^7; distribu- 
tion, 485 ; fossil, 493, 494, 504 j strati - 
graphical distribution, 506, 507, 508, 
510 

Craniiclae, 496, 604, 508 
Oranopsis, 666 , 406 
Craspedochiiotiy 40$ 

Oratpedopomaj 298, 414 
CToiptdoatomay 4O8 

Gmsaatdlay 461 
Cratenay 4$$ 

Crawling of BeliXy 45 
OiremnoconchuSy 16, 302, 4I6 
Crenatulay 75, 440 
OreneUay 449 

CfrempecteUy 46O 

Orepidvla, 648, 257, 416, 410 ; parasitic, 

76 

Orepipatm, 646, 410 
CreuiBy 436, 4$0 ; eyes, 186 
CHmomy 4$4 i vadula, 229 
Oriocerasy 247, 396, $99 
Oristigmay 811, 319, 320, 441 
Crmoiftama, 40B 


Oud5i(2um, 646 , 4^$ 

CryptockiUmy 245, 371, 402, 404 
Gryptochorddy 405 
ChyptocowhuSy 404 

flt^UqththalmuBy 4$0 
Oi^tosiracotiy 853, 441 
Ctenidia, 151 — see Branchiae 
Cienopomay 346-851, 414 
QucuUasoy 274, 44$ 

CultMtSy 467 
Cumdy 40 s 
Cumingidy 46$ 

Otupidaridy 469 ; branchiae, 168 
Guviefrvmy 436 , 466 
Cyanfiy 410 

Gycdhopomdy 647, 288, 314, 838, 414 
Oydasy 46$ ; veliger, 136 ; ova, 146 ; 
otocyst, 197 ; C. comedy thread-spinning, 
20 ; distribution, 282 
GyclinOy 454 
Oyclobianohiata, 156 
Qydocanihdy 409 
Gydtmorphdy 414 
Cydonaseoy 4OS 
OydofMmiy 409 
Cyclophoridae, origin, 21 
CyclophoruBy 302, 306-819, 329-334, 344, 
352-358, 414 ; jsvSf 316 ; nulnla, 
61 

GychsUrndy 328, 331-338, 414 , 4U\ 
stomach, 239 ; vision, 184 ; osphradinm, 
195 ; nervous system, 606 ; C. eleydnsy 
287, 288 

Cyclostomatidae, origin, 21 ; radnla, 224 ; 

gait, 199 
Cycloetrerndy 4O8 
Cyclosurusy 647 , 337, 414 
Gydotopaisy 338, 414 
GyclotWy 296, 819, 320, 414 
GylichnOy 46^ 4$0 \ radula, 215 
GylindreUdy 647 , 660 , 278, 343-355, 348 , 
440 monstrosity, 251, 666 
Cylindrellidae, radula, 233, 634 
GylvnMUBy 4S0 
(^lindrabuUdy 4$0 
Gylindromitroy 405 ; radula, 222 
Gymbiumy 255, 367, 4 O 6 ; radula, 661 

Cymbuluiy 4$7 

GymbuliopBUy 467 
Gynodowtdy 4 O 4 
Gyphomdy 419 

Gypraedy 178 , 419 ; prices given for rare, 
122; mantle-lobes, 177, 178 ; radula, 
664 ; sheU, 866 , 260, 681 ; C. mone^a, 
96 

GypraecoBeiSy 4 OO 
Cypraedidy 419 
CyprOLeovuldy 4^9 
OyprifMridy 464 

Cyprimy Jfil 

Gyrendy 15, 46$ ; distribution, 286, 294 
GyrmeUoy 46$ 
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Cyrtia^ ; 8tratigra}iliic&l distribution, 
507, 508 
(lyHoctram^ S94 
CyrUHlatm^ 467 
CyrtodmUa^ 462 
CyrtoliUsB, 407 
44S 

OyrtoUmay 4^4 
Qy^iicitpm^ 846-351, 4^7 
<yystUx!W^ 425 
Oyetopelta, 826, 826, 440 
Oytherea, 4M, 454 

DAanvDrujff 44$ 

DaeeUtlochUa, 44i 

Dali, W. H., quoted, 35 : on branchiae, 
164 

Davfvayantia, 440 
DaphneUa^ 4^6 

Darbishire, R. D., on tenacity of life, 
89 

Dardania^ 415 
I)art-s.ic, 142 

Daudehardia^ 289, 292 f., 440 
JOamcboniat 505^ 508 
Tkiwsondla^ 410 
Daym, 605, 508 
Decapoda, 3S5 f. 

Decollation, 260 

Deep-aea Mollusca, 374 

De Folin, experiment on Cydostmut, 157 

De/ianira, 410 

Delage, experiments on otocy8t6,^197 
Delphinul/x, 409 
Deltidium, 499 

Dendrmotus, 453 ; protective coloration, 
72 ; habits, 51 

Detitalium, 6 , 444 , 445 ; used as money, 
97 ; veliger, ISl ; radula, 228 
Dmtdlaria, 860-855, 441 ; aperture, 

63 

Desert species, 25, 85 
Deshayada, 411 
Dcsmoulea, 423 

Development of fertilised ovum, 1 30 f. 

lleadobmiudutea, 457 

Dmdema, 414 

DicUa, 415 

Diaieuca, 441 

Diaph&ra, 314 

Diaphoroaioma, 412 

Diastema, 415 

Diaatama, 41"^ 

Dtaululu, 434 
Dibaphna, 425 

IMbranchiata, S$0; eye, 188; nervous 
system, 207 
D%c6raa, 260, 455 
Didmma, 12, 297, 455 
Differences of sex, 133 
Dignomia, 611 
Digonopora, 184, 144 


Dikma, 4OS 
Dimfifphiptyehia, 41O 
Dvtttya, 450 
IHwMaa, 504, 508 
IHnoplax, 403 
Dtotocardia, 9, 170, 405 f. 

Diplodonia, 462 
DipUmmatina, 302-327, 413 
Diplomphcdm, 322, 323, 44O 
Diplopoma, 846, 351, 414 
D^aaccua, 424 
Dipaaa, 807 

Diaoina, 464, 468, 471. 476, 4S7 ; distri- 
bution, 485 ; fossil, 498, 604 ; strati- 
graphical distribution, 506, 508 
Discinidae, 437, 496, 504, 508, 511 
Diacinisca, 487, 510 ; distribution, 485, 
486 

Diaciiea, 395 
DiaeodoriSj 434 
Diacoaorua, 3$4 
Diatortio, 255 — see Persona 
Ditropis, 812, 314, 414 
Doooglossa, 227, 405 
DoLaheUa, 428 , 451 
DolaJbrifer, 431 

Dolium, 419 ; acid secretion, 287 
Dcmax, 269, 446, 453 
Donderaia, 404 
Dorcasia, 833, 441 
Dmidium, 430 

DoMunculus, 454 ) radula, 229 
Dorwpsis, 434 

Deris, breatliing organs, 169 ; radula, 
23a 

Doraanum, 423 
Dosidicus, 390 
Dosinia, 454 

Doto, 45 s ; protective coloration, 71 
Dreiaaenaia, 123, 452’, hibernation, 
26 ; singular habitat, 48 ; veliger, 132 , 
146 ; eyes, 192 
Dreisaenaiomya, 452 
Drepania, 454 
DrUlia, 426 
Drymaeus, 856, 442 
Dryptua, 356, 441 
Durgetta, 301, 304, 440 
Dwarf varieties, 88 
Dybowahia, 290 

EASToyiA, 454 

Ebuma, 267 , 424 ; radula, 220 
Ecardines, 466 ; muscles, 476 ; fossil, 
493 ; families. 487, 503, 508 
Eecgliimphaiua, 415 
JSdunoapira, 133 
Edentalina, 338 

Egg-laying of Arim, 42 f, ; of Mollusca 
generally, 123 
Bgliaia, 411 

Kider-dack, shells used by, 102 
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Mamcneura, J^l 

Si5» S8S% ladnlo, 236 
Mm^ 4SB 

Mifsia, 4 ^ ; priilective coloration, 73 ; 

braathing, 152 ; radola, 217, 830, 688 
MuarffinukLf 835, 406 
BmhUtowia^ 420 
MhmMTieia, 410 
JSna, 296, 44^ 

JBnaeia, 4$5 
Sndoe^ras, S94 
Endod(mtar 825, 834, 441 
Bngina, 4^4 
EiMda^ 40 B 

Mnnea, 298, 302, 306, 809, 314, 316, 
828-337, 440, 440 ; habits, 54 ; £, bieohr, 
279 

Enutplochiton^ 408, 40S 
Mncploteuthis, 391 
JSnnt,467 

JSnloeolax, 77, 79, 152 
EntMfmcha, 77, 79, 152, 216 
JB/Ktovalva^ 77, 82 
Ephippodmtat 403 ; commensal, 81 

^idiwiiust 4^0 
Epipbragm, 26 27 f. 

Epipodia, 427 
Er^, 419 
Eremopkila, 294 
Ergaea^ 848, 412 
Erinna^ 327, 4B9 
Erosion, 276 
Ervilia, 454 
ErycvML, 453 
Escargoti^res, 119 
Esbria^ 829, 4^ 

Estuarine species, 14 
Ethalia, 409 

EuaUodiumf 260, 353, 44^ 

Euckeiw, 4^ 

Euchrgxhlu, 4^0 
Eudioptu9, 442 
EudoScochUon, 403 
Euhadra, 316, 818, 441 
Ealamellibranchiata, 451 ; gill, 188, 
167 

EuUmat 422 ; parasitic, 77, 79 
EuImmUo^ 250, 422 
Euiota, 296, 441 
Emmphcdus^ 247, 415 
EupilScia, 440 
EupUura^ 

EupUKamu*^ 434 
Ewrfj^^4SB 
Ewycampia, 346>851 
EurjfcreUera, 849, 851 , 441 
Eurpstama, 804 
Emytw, 442 
Eulkrut, 424 
Enthyneura, 203 
EubroekaUUa, 347-351, 848. 410 


Exploring expeditions, 868 
Eye in Mollnsea, 181 f. 

FAOMtmA, 432 
Foadoktria, 424 \ radnla, 88X 
Faatigidlat 4 IO 
Faptfriniu, 432 
FeMUa,415 

Fertilise ovnm, development, 180 f. 
FmuMoia, 291, 293, 297 f., 442 
Fgi islanders, use of shells, 98 
Filibranchiata, 445 ; gill, 188 
Fiona, 452 ; radnla, 217 
Fvrohida, 421 

Fischer and Bouvier, on breathing of 
AmpuEaria, 158 
Fiacheria, 15, 328, 455 
Fish devour Mollnsea, 59 
FiaaureUoj 880, 405 ; breathing organs, 
108 ; apical hole, 156 ; nervous system, 
204 ; radnla, 227 ; growth, 881 
Fisaurelluiaea, 405 
Fiaauridea, 405 
Fiaawriaepta, 405 
Fiat%dana, 262, 457 
FlahdlinaL, 452 
Fluminicda, 415 
Folinia, 415 

Food of Mollnsea, 80 f. ; MoUnsoa as 
food, 102 f. 

Foot, 198 ; in classification, 5 
Forel, on deep-water Lmnaea, 162 
Formation of shell, 255 
Fortiaia, 429 
Fossarina, 415 
Foaaarulua, 302, 415 
Foaaarua, 413 

Fourth orifice in mantle, 174 
Fresh-water species living in sea, 12 ; 
frozen hard, 24 

Frogs and toads devour Mollnsea, 58 

Fruticioola, 285, 290, 316, 318, 441 

FrtUicocampyloM, 296 

Fryeria, 454 

Fulgwr, 849, 424 

Fuaiapwa, 420 

Fuaua, 262, 424 

Qadinia, 158, 451 ; breathing, 18, 151 ; 

classification, 19 ; radnla, 217, 880 
Gain, W. A., quoted, 32, 33, 39 ; on taste 
of Mollnsea, 179 
Galatea, 15, 328, $36, 455 
Galeamma, 175, 455 
Galerua, 848, 412 ; egg-capsules, 125 
Garstang, W., on protective and warning 
coloralion, 73 

Gaskoin, on tenacity of life, 38 ; oa egg- 
laying, 42 

Gassies, on hybrid nnion in snails, 130 
Gasteropoda, classification, 8, 11, 400 f. 
GaatranoM 455 
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Oa^roehaemt 4^7 ; baUts, 64 
Ga$trod&iit», 4J^ 

BoiUrofptefmi 245, 4^0 
Gam, 876, 408 
Cftm, 246,^ 

€hMa,484 
CfmoUn, 486 

Oe 0 malaen$, X60j 286, 291, 44 ^ ; pro- 
tectire eolomtioii, 70 
Gttmdania^ 16, 848, 851, m 
Georgia^ 881 , 414 
Gwriua^ 818, J^O 
Giottmtu, 838, 448 
Gmmtia^ 441 
Gifrntfddtia, 290 
GibMa,408 

GUbua, 328-888, «40, 440 
OiUia, 418 
Gills — see Branchiae 
Girasia, 801, 804, 440 
Olandma, M, 178, 278, 292 f., 889- 
855, 440 ; radula, 281, 882 ; habits, 
53 

Glands, germ, 134, 140 ; nidamental, 
136 

Glassia, 501, SOS 
Glaucomya, 320, 484 
CHaucue, 429, 488 
OUba,487 

Glessula, 301, 309, 310, 333, 448 

Glochidium, 147 

Glomus, 448 

Glossoceras, S94 

Glossophora, 7 

OloUidia, distribntion, 485, 487 
Glycimeris, 457 
Glypkis, 4O6 
GlfffpUisioma, 341, 441 
Gomphoceras, 894, 898 
Oonatus, 891 
OonieUiies, 397, 898 
Goniobasis, 341, 417 

Gontodoris, 484; protective coloration, 
73 ; radula, 229 
Gomcmya, 458 
Oomstoma, 291, 316, 441 
Omiostomus, 448 
Grammytia, 459 
Chrateloupia, 454 
Great Ea^em and mussels, 116 
Greenhouses, slugs in, 85 
Green oysters, 108 
Gresslya, 458 
Growth of shell, 40, 257 
Guestma, 44O 
Gu&4ford%a, 409 
GuwOlea, 186, 376, 485 
Gulls and MoUusca, 56 
GumdUushia, 19, 325, 845, 852, 859, 
489 

GymnogdoBia, 216, 225, 488 
Gymnosolnat^^ 487 


Gyroceras, 247, 895 ^ 

Gyrotma, 4X7 

WAtiKJL, 806, 815, 819*325, 898, 441 

Sadrianla, 488 

Haemoglobin, 171 

Mainma, 836, 414 

Balia, 866, 486 

MaliotineUa, 481 

BalioUs, 866 , 407 ; and eoyote, 57 ; holes 
of, 156 ; osphradium, 195 ; epipodium, 
199 ; nervous system, 204 ; radula, 216, 
226 

Halopsyche, 159, 488, 488 
Scminea, 488, 480 ; protective colora- 
tion, 78 
BamUes, 899 
Bamvlina, 899 
Bafdeyia, 4 O 8 
Hapodus, 331, 448 

Bwrpa, radula, 485, 216, 221 ; self-muti- 
lation, 45 
HairpcLgodes, 4 I 8 
Ha^rpoceras, 899 
BarveUa, 454 
Hatching of eggs, 48 

Hazay, on duration ot life, 89 ; on varia- 
tion in Limnaea, 93 
Hearing powers of Molluscs, 196 
Heart, in classification, 9 ; action during 
hibernation, 26; and branchiae, 169 
Hectocotylns arm, 137 f. 

Belcion, 405 ; protective coloration, 69 
Belcioniscus, 405 

Hele, F. M., on Byalinia, 33 ; on dteno- 
gyra, 34 

Belioarum, 309, 316, 325, 832, 440 ; 

radula, 282 ; habits, 45, 67 
Helicidae, radula, 232, 884 
Betidna, 805, 306, 816-327, 838-358, 
410 ; origin, 81 ; exterminated by 
cold, 24 

Helicophanta, 335, 886. 441, 441 
Hdigwas, 440 

Hdix, 4 J 41 ; toothed aperture, 68 ; protec- 
tive coloration, 70 ; variation, 87 ; car- 
bonic acid, 163 ; eye, 181, 188 ; food, 
179 ; smell, 194 ; jaw, 811 ; distribu- 
tion, 285 ; tenacity of life, 87 ; breed- 
ing, 129 

Bdix altemata, 840 ; aitgvlaXa, 880 ; 
aperta, 88, 39, 51, 898; wihuHorum, 
bathing, 2^; eapera;^ variation, 89 ; 
eeredtus, 840 ; ckaAricosa, 816 ; cmu- 
labris, 45 ; ddphinuloides, 897 ; deserto* 
rum, 37, 88. 70, 294 ; Jiddis, 841 ; 
haemastema, habits, 70 ; haspa, 287 ; 
hortensis, 10, 279; pulsations, 26; 
epiphragm, 28 ; rock-boring, 49 ; dart, 
148 ; imperator, 847 ; habits, 45 ; 
kMoiniosa, 897 ; laetea, 25. 88, 42, 279 ; 
Uma, 880 ; muscaram, 84t ; ngmaraUs, 
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88, 180 ; nieie$sigy 808 ; nux denticu- 
iata, 800 ; palUata, 800 ; pimtim, 25 ; 
habits, 88 ; pmtttinj 25, 34, 40 ; eye, 
181 ; pomuMy 888 ; pulchkla, 279 ; 
riehmondinwif 888 ; roeacea, 809 ; roa- 
tratat 007 ; roto, 810 ; rufeacemt piilsa> 
lions, 26 ; aimUaria, 279 ; aouvetiianaf 
880, 001 ; atrigata^ 898 ; triatia^ habits, 
40 ; turriculti^ 397 ; Veatchii^ 33 ; 
Waltmii, 800 ; WotUiatcnif 897 ; wmUi^ 
898 

Udix aaperaaf homing, 35 ; sniell, 36 ; 
duration of hfe, 39 ; growth, 40 ; 
strength, 45 ; boring rook, 50 ; Taria- 
tion, 87, 89 ; eaten, 119 ; hybrid 
union, 130 ; generative organs, 140 f., 
101 ; dart'Sac, 103 ; pulmonary cham- 
ber, 160 ; radula, 217 ; alimentary 
canal, 887 ; monstrosities, 251, 202 ; 
growth, 258 ; distribution, 279, 289 
Hemiarihrum t 40 S 
Hemimrdium^ 4S€ 

HemidonaXt 4^^ 

Hemifuauay 424 
Hemipecten, 450 

Bamiplec^, 310, 316, 319, 321, 440 

Hemiaepiusy S89 

Htmiainttaf 357, 477 

HemiUma, 860 

Btmitrkkia^ 314 

Hemitrochuay 346-851, 447 

HemphiHia^ 245, 341, 

Hercoceras^ S95 

Herdman, Prof. W. A., on cerate of Nndi- 
branchs, 71 f. ; experiments on taste of 
Nudibranchs, 72 ; on LUtorina rudUt 
151 n. 

Hermata^ 4S3 ; protective coloration, 
73 

Hermaphrodite Mollusca, 134, 140, 145 
Hermit-crabs, shells used by, 102 
Ham, 4S2 
Heterocardia, 454 
Hderodiceraa, 455 

Heteropoda, 9, 420 f. ; radula, 228 ; 
foot, 200 

Heudeia, 316, 470 

Hexabranckm, 454 

Hibernation, 25, 163 

High altitudes, Mollusca living at, 24 

HimeUa, 15 

Hindaia, 424 

Hindaidla, 455 

Hinge area, 493, 498 

Hinge, in bivalves, 272 

H^Uaa, 257, 450 

Hippcatpx, 248, 4i2 

Hippopua, 455 

Hippuritea, 900, 450 

Hiatvpaia, 501 

HiatioUu^iaf 591 

Hdcoatwm^ 417 


Hddkepadim, 455 
411 

Hdoapim, 339, 353, 442 
Holostomata, 156 
Honudogyra, 415 ; radula, 223 
245, 848-358, 445 
Homing powers of Mollusca, 34 
Homorua, 330-337,44^7 
Hoplitea, 599 

HipUjpterim, 422 
Homo, 332 
HoriostomaL, 409 

Hot springs, Mollusca living in, 25 
Iluronia, 594 
Hyalaea, 10, 456 

Uyalwuix, 245, 305, 306, 338, 445 
Hyaline stylet, 240 

Hyalinia, 440 ; pulsations, 26 ; fomi, 83 ; 
smell, 194 ; dart, 148 ; radula, 232, 
884 ; distribution, 287 f., 318, 340-357 ; 
H. alliaria, 279 ; smell, 194 ; cdlaria, 
279 ; Drapamaldit 88 
Hyalocylix, 457 
Hyaloaagda, 352 
Hyhocyatia, 806, 309, 474 
Hybridism, 129 
Hydatim, 450 ; radula, 881 
Hydrobia, 325, 332, 415 \ H. ulme, egg- 
laying, 128 

Hydrocena, 298, 470 ; radula, 226 
Hymenoptera build in dead shells, 102 
Hypdbrariciiaea, 454 \ radula, 230 
Hypotrema, 445 

Hypadoatorm, 248, 802, 305, 814, 442 
Hyria, 344, 452 
HystHcdla, 297 

Janthina, 360, 186, 411 ; egg-capsules, 
125 ; eyes, 186 ; radula, 224 
JapeteUot 586 
Ibenai 285-298, 897, 447 
Ichthyoaarcdiita, 456 
Idalia, 179, 429, 454 \ radula, 229, 230 
Idaa, 449 
Idioaepion, 589 
Hlex, 590 

Imbricaria, 425 ; radula, 821 
hnperatoT, 409 

Indians of America, use of shells, 100 
Infundibvlxim, 405 
Inioteuthia^ 5^ 

Ink -sac, 841 

Intfceramua, 445 

Insects eaten by Mollusca, 82 

Inavlaridt 319, 820 

Intestine, 241 

Jo, 16 , 340, 477 

lopcLS, 425 

Iphigenittf 15, 455 

Iravadia, 305, 47^ 

Iridina, 294 
Irua, 297 
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409 

4 OS 

/ndom, 2d8, 320*327, 333, 336, 359, 
4S9 

Immiay J^4 
isoc(wdia^ 269, 401, 4 SI 
Jsodonta^ 4S$ 

Isomeria^ 343, 356, 44i 
Ina, 494 

Jamaicja, 414 

JantUUy 161, 449 \ palmonary oriOce, 

161 

JanelUdae, mdula, 284 ; diatiibntion, 321- 
326 

JanuSf 499 
Japonidj 318 
Jaws, 210 

Jeanerettia, 346-351, 44 I 
Jeffireys, Dr., on Lirnmea^ 34 ; on 
Nt^iuneay 193 
Jeffreyaiat 419 ; radula, 223 
Jorunwii protective coloration, 78 
Jomnnetiiaf 457 
JuUieniat 307, 415 
Jumala, 4^4 

Kalislla, 301, 304, 310, 814-317, 335, 

440 

Kalinga, 494 

Kashmir, land Mollusca, 280 

Katherina^ 403 

KeUeUa, 4S4 

KeUia, 469 

KeUyeUa^ 459 

Kidneys, 242 

King, R. li., on smell in bivalves, 195 
Kingena^ 506y 508 
Kitchen-middens, 104 
Koninckella^ 505 ; stratigraphicsl distri- 
bution, 507 , 508 

Konimkinat 605 ; stratigraphical distribu- 
tion, 607, 508 

Koninckinidae, 501, 605^ 508 
Kutorgind^ 504 ; straUgraphical distri- 
bution, 506, 508 ; embryonic shell, 
509 

Labial palps, 210 

iMbyrinthtts^ 342, 353-357, 441 ; aper- 
ture, 63 

Lacaze - Duthiers on TeataceUa, 52 f. ; on 
smell ill HdiXi 194 
Laeunat 4 IS 
lAusunopHSy 332 
Lagetut^ 494 

LagochiluSf 309, 316-319, 414 
Lamellariaf 245, 4 II I habits and protec- 
tive coknatioo, 74 ; parasitic, 78 ; 
radola, 223 

Lamdlidi^ria, 494 ; radula, 229, 230, 231 
Zumpaniat 417 


Land Mollusca, origin, Ilf. 
lanutet, 249, 294, 328, 331, 4^6 
Lankester, Prof. E. Ray, on shell-gland, 
132 ; on haemoglobin, 171 
LaaMa, 278, 336, 439 
Lcuma, 441 
Larina, 302, 417 

Larvae of Pelecypoda, 7 ; of insects lesem- 
bling Mollusca, 67 t 
Lasaea, 453 
Latia, 19, 826, 499 
Latiaxis, 499 
Loiinta, 494 

Latter, 0. H., on Gloeihidium, 147 
lAyard, E. ll, on self-burying Mollusca, 
41 ; on sudden appearance of SUnogyra, 
47 ; on Coeliaseia, 49 ; on Rhytida and 
Aerope^ 54 
Leda, 447 
Leia, 348-351, 449 
Leila, 344, 452 
Leonia, 414 
Lepeta, 405 
Lepeteila, 405 
Lepetida^ radula, 227 
LepuLimenm, 404 ; radula, 229 
Leptaxhatina, 327 

L^taena, 500, 501, 502, 606, 505 ; strati- 
graphical distribution, 507, 508 
Leptcans, 441 
Leptinaria, 357, 358, 449 
LeptockUon, 4^9 
L^toconchua, 75, 499 
348, 351 

LepUm, 459 ; parasitic, 77 ; commensal, 
80 ; mantle-edge, 175, 178 
Upiaplax, 40 s 

Leptopomay 316, 319, 338, 414 
Leptoteuthiay 390 
Leptothyra, 409 
Leroya, 331 
Leucochilay 449 
Lmooehloridi%imy 61 

Leucodvroa, 298, 295, 441 
Leueonia, 499 
Leueotammy 335, 359, 441 
LencooBonuty 64, 494, 494 
Levantinay 295 
Libanioy 295 

Liberay 827, 441 ; ©gg-lnying, 128 
Libitina, 451 
Lieinay 414 

Life, duration of, in snails, 39 
Ligament, 271 
lAguWy 349, 351, 449 
Linuty 178, 179, 450 ; habits, 63 
limacidae, radula, 232 
Limacina, 59, 249, 436, 496 
LimapontWy 429, 499; breathing, 152 
Limax, 245, 440; 81, 179; varia- 

tion, 86 ; pulmona^ oritce, 160 ; ahell, 
175 ; Jaw, 211; tadula, 217 ; diatribu- 
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tion^ 28fi, 824^ L, agrestia^ eats May 
Oies, 81 ; orbomm, Blime, 80 ; food, 
31 ; fiaioua, food, 88, 86 ; haUta, 85, 
86 ; gti^gaUa^ 279, 858 ; maximus^ 82 , 
161 ; eats raw liMf, 82 ; eannibslism, 
82 ; sexual unioo, 128 ; smell, 198 f. 
Limea, 4^0 

lAmicolaHa, 829-882, 44^ 

LimnaeOf 4S9 ; seU-impregnatioii, 44 ; 
development and variation, 84, 92, 98 ; 
size affected by volume of water, 94 ; 
eggs, 124 *, sexual union, 184 ; jaw, 
211 ; radula, 217, 286 ; X. auriculanat 
24 ; glutinoMf sudden appearance, 46 ; 
Jffooherif 25 ; tnvoluUit 82, 278, 287 ; 
peragrot 10, 180 ; bnrial, 27 ; food, 34, 
87 ; variation, 86 ; distribution, 282 ; 
jxUtuMSf distribution, 282 ; st^naUa, 
food, 84, 87 ; variation, 86, 96 ; cir- 
cum-arad lobes, 131 ; generative organs, 
416 ; breathing, 161 ; nervous system, 
204 ; distribution, 282 ; trunoatvla, 
para^te, 61 ; distribution, 282 
lAmMXwrdium^ 465 
lAmTUJitockuSf 832, 4^5 
lAnvopaia, 44^ 

Limpet-shaped shells, 244 
limpets as food for birds, 56 ; rats, 57 ; 
birds and rats caught by, 57 ; as bait, 
118 

Ungvla. 464, 467, 468, 471, 472 , 478, 
475, 477, 478, 4S7 ; habits, 488 , -484 ; 
distribution, 485 ; fossil, 498, 494 , 603 ; 
stratigraphi^l distribution, 506, 508, 
510, 511 

JUnguldUL, 498, 603 ; stratigraphical dis- 
tribution, 506, 508, 511 
LingvX^ia^ 60S, 511 
LinguUdae, 485, 487, 496, 603, 508 
lAnnaraaowia, 604 1 stratigraphical distri- 
bution, 506, 508 
Lintrieula, 4^ 

LiobaikcUia, 290 
LUmeaua, 4$4 
LiopUtx, 840, 47^ 

IdoHoma, 4^4 
Liostracus, 442 
lAotia, 408 

LipairuB, 824, 859, 441 
lAaaocmts, 399 
lAJOuma, 840, 477^ 

LUhidicn, 414 
IMhoe&rdium, 486 
Idtkadomua, 440 

LUhoglgg^a, 294, 296, 297, 418 
ZdOu^inma, 409 
Lithatist 80^ 443 
Ltiuipa, 80, 861, 416 

ZiUorina, 413 ; living out of water, 20 ; 
radula, 20 , 215 ; habits, 50 ; protective 
coloration, 69 ; egg-laying, 126 ; hybrid 
union, 180 ; monstrosity, 261 , 262 ; 


operculnm, 269 ; erosion, 276 ; X. li(~ 
torea, in Ammica, 874 ; obfnsttto, gener- 
ative organs, 186 ; rudia, 150 ; Prof, 
Herdman*8 experiments on, 151 n, 
Ztitorinida, 418 
IdtuUaa, 247, 396 
Idver, 289 ; liver-6uke, 61 
JAwnhacea, 833, 859, 441 
Lvotma, 408 ; radnla, 226 ; operculum, 268 
Lloyd, W. A., on Naaaa, 198 
Jjcbigar, 432 
Lobiiea, 397 

Lcligo, 878-8!8!9 ; glands, 136 ; modified 
arm, 189 ; eye, IBS ; radula, 236 ; club, 
381 ; L. punctata, egg-laying, 127 ; 
mUgaria, larva, 183 
Ldigopaia, 391 
LUiguTunda, 390 
LoUolus, 390 
Lomamtiu, 433 
Lophocercua, 432 
Larica, 403 

Lowe, £. J., on growth of sbdl, 40 

Loxokema, 417 

Lucapina, 406 

Luoapinella, 406 

Lucema, 441 

Luddella, 848-851, 410 

Lucma, 270 , 482 

Lucinopaia, 484 

Lung, 151, 160 

iMntdicardi'idin, 488 

Lutetia, 482 

Lutraria, 446, 486 

LycknUB, 442 

Lyonaia, 458 

LyonaieUa, 468 ; branchiae, 168 

Lyra, stratigraphical distribution, 507 

I/yria, 425 

I^rodeamui, 441 

Lyainoe, 441 

Lytoceraa, 398 

Maackia, 290 
MacgiUwrayia, 133 
Madwmya, 488 
Madvrea, 410 

Macroceramua, 848-358, 442 
Macroceraa, 440 
Mctcrochiltts, 417 

MacrocMamya, 296, 299, 801 f., 310, 816- 
^2% 440 

Macrocydia, 858, 869 , 44^ 

Macron, 424 
Macro&n, 441 

MaoroacaphUea, 247, 899 , 399 
Macroachiama, 266 , 406 
Maetra, 271, 446, 484 
Macularia, 285, 291, 293 f., 441 
Magaa, 606 ; stratigraphical distribution, 
507, 508 
MageUania, 500 
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T9, 4^ 

Maimmringiaf $02 
MalapUraf 4JS 
Mtdea, 419 
ATaifetuit, 447 
JfaUeus, 449 
MmgUiat 496 

Mantle, 172 f., ITS ; lobes of, 177 

Mfoyaarita, 408 ; radula, 226 

MargtMUa^ 495 ; radul^ 221 

Mariaella^ 814, 888, 440 

Mstrionia, 488 

Afarfn&rastima, 409 

Manat, F. P., views on variation, 82 

Marsenia, 188 

Marsenina^ 411 

Martma, 305, 487 

Mastigoteuthuti 890 

MaaittB^ 206, 449 

Matheronia, 455 

MathOda, 250, 41‘i 

Mattgeria, 408 

Masasalinaf 494 

MeffolatraeiuSt 4^4 

Me^odontidae, 481 

Meg€Uotna8t<nm, 844, 414 

Megalcmphalus^ 416 

Megohm, 358, 448 

Mtga£Aenn%k8f 406 

Megtrlia, distribution, 486j 487 

Mdadomugf 249, 828, 831, 416 

Mdampus^ 18, 100, 250, 430, 489 

Melanatriai 886 

Melania, 278, 41T, 417 ; distribution, 285, 
202 f., 316 f., 324, 386 
Mdanidla, 448 
Melaniidae, origin, 17 
Melanism in Mollusca, 85 
Mdanoptne, 417 \ dislaibution, 285, 201, 
202 f., 328, 826 
Mdantho, 840, 416 
Melapium, 484 
Mdeagrina, 449 
Melia, 848 
Melibe, 488 

Mehngena^ 484 i radula, 280 ; stomaoh, 

888 

Merioa, 496 
Merista, 505, 508 
Meroe,484 
Mercpe, 827 
Meaalia, 417 
MemnJbTimLe, 856, 448 
Mtaodernna, 484 
Me9odcn, 840, 441 
Mewmphiai, 840, 440 
Meeorhytis, 877 
Meta, 488 
MehOa, 484 
Megeria, 494 
Miamiim, 484 

Mimteyaiia, 823, 824, 827, 888, 440 


Miorogem, 4 O 8 
MiefWMlama, 12, 207 
Mieryphym, protective habits, 70 
Mimplax, 4 O 8 
Mierqpytgue, 415 
Microvoluta, 495 
Middendoffia, 4 O 8 
MUnena, 451 
Mimicrf, 66 
MinoUa. 508 
Mitra, 495 ; radula, 221 
MUreila, 488 
Mitreola, 485 
MitnUofia^ 848. A19 
Modiala, m^449 \ habits, 64; genital 
orifice, 242 
ModdoUvrea, 449 
Modidaria, 449 ; habits, 78 
ModioiopsU, 459 
Modulus, 417 
Monilia, 408 

Monkey devouring oysters, 50 
Monoceroe, 488 
Monocondylaea, 489 
Monodacna, 12, 297, 458 
Monodonta, 4 O 8 , 408 ; tentaculae, 1T8 
Monogonopara, 184, 140 
MonomertiUa, 406,504 
Monoplewra, 486 
Monotis, 449 

Monotoca^ia, 0, 170, 4 II 
Monstrosities, 250 

Montacuta, 469 ; M, ferrugin&ta, commen- 
sal, 80 ; subs^rioto, parasitic, 77 
Mopalia, 4 OS 

Moqnin-Tandon, on breathing of Lim- 
naeidae, 162 ; on smell, 108 f. 
Mordetia, 440 
Morio, 480 
MomvuB, 856, 448 

Mosdey, H. N., on eyes of Chiton, 187 f. 

Mouawnia, 327 

Mouth, 200 

Mucfmcdia, 482 

Mucus, use of, 68 

Mvlmia, 378 

Mmma, 844, 458 

Mumida, 489 

MvrckUonia, 265, 407 

MurddeonieUa, 499 

Mutex, 498 ; attacks Area, 60 ; use of 
spines, 64 ; egg-capsules, 124 ; eye, 188 ; 
radula, 880 ; shell, 888 
Musical sounds, 50 

Mussels, cultivation of, 115 ; as bait, 116 ; 

poisonous, 117 ; on Great Madam, 116 
Mutda, 204, 328, 331, 886, 459 
Mu9goa, 485 

Mya, 271, 275, 446, 456 ; stylet, 240 ; 

Jf. urenaria, variation, 84 
Myaeea, 486 
Mfcdim,449 
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UytOcpm, 307, nS, 344, m 
Myockmat W 
Myadom, 4^8 
Myi^JiarisiL, 448 
MyopsidM, ^9 

Myrim,449 
MyriMiod^ 484 
Mytilaoea, 44S 
Mytilmmat 458 
Mytilop»f 458 
MytuSpmt 14 

iiytUuB, 258, 449 \ giU fllAmento, U6, 
285 ; M, edulis, 14, 165 ; attached to 
crabs, 48, 78 ; pierced by Purpy/ra^ 60 ; 
Bideford Bridge and, 117 ; rate of 
growth, 268 ; ftylet, 240 
Myamtom^ 414 

Naoella, 405 
No/Mdi/ntL, ^4 9 

Namna, 2^ 800 f., 886, 440 ; radul*, 
217 282 

Sapaeus, 296-299, 316, 448 
NaraniOt 454 
Narka^ 418 

NiuacL, 4$S ; egg-capsnles, 186 ; sense of 
smell, 193 
NoModmlat 488 
NassopsUf 332 

Natka, 846, 263, 411 \ spawn, 186; 

operculum, 866 
Natkopsk^ JfiO 
‘ Native ’ oysters, 106 
jVaimfora, 16 
Nautiloidea, 898 

254, 898, 895 ; modified arms, 
140 ; eye, 183 ; nervous system, 206 ; 
radula, 236 ; kidneys, 242 
Navkdkt, 267, 268, 824, 827, 410 \ 
origin, 17 

Navkvla^ 858, 448 

Ndvkula (Diatom), cause of greening ia 
oysters, 108 
I^ectoteuthk, 889 
Ntda, 481 

NmatureUOf 12, 297 
Nembrotha, 484 
NtMua, 604 
Niobuecmum, 484 
I^eocydotuBf 857, 858 
Neme&ia, 8, 188, 216, 228, 404, 404* 
breathing oigans, 154 ; nervous system, 
808 

Ntothawm^ 882 
Neotremata, 511 

262, 262, 488 \ egg-capsules, 
186 ; capture, 193 ; monstroeity, 151 

41^1 

NerUat 17, 410 \ N. polita used as money, 
97 

Neri1jda^260,^70;r«dula, 886 
Asriftiia, 866, 410 i origin, 26, 17, 81 ; 


egg-laying, 128 ; eye, 181 ; distribution, 
285, 291 f., 824, 827 ; N, fiumiUk, 
habitat, 12, 25 
N&iUma^ 410 

NerUopnU, 409 ; radula, 226 ; operoulum, 

869 

Nervous system, 201 f. 

Ntaioiki 357 f 448 

New Zealanders, use of shells, 99 

I 7 kida, 4I8 

Mndla, 409 

Niphmia^ 408 

Nm, 488 

NUiddld, 488 

Nodulus, 415 

Noiarchust 481 

Nothui, 358, 448 

Notobrcmchaeay 488 

Notodorkf 484 

Notoplax, 40 s 

NowAvlimt 305 

Nwula, 264, 269, 278, 447 

Nuculidae, otocyst, 197 ; foot, 201 

Nucvliwif 4148 

Nudibranchiata, J 488 ; defined, 10 ; pro- 
tective and warning colours, 71 f. ; 
breathing organs, 159 
Nummulimf 295 
NutUUHna, 408 

Obba, 311, 315, 441 
(Mim, 306, 311, 312, 814, 319 
ObdkcuSj 448 

OboUUa, 496, 504 ; stratigraphical distri- 
bution, 506, 508 
OboUdae, m,504, 508 
Obolus^ 504 , 508 ; embryonic shell, 509 
Ocrntbra^ 488 

Octopodidae, hectocotylised arm, 137, 139, 

140 

Octopus, 879*586; egg - capsules, 197; 

vision, 184 ; radula, 286 ; crop, 238 
Ocylhoe, 884 ; hectocotylus, 188 
OdontoTnaria, 407 
OdontosUmus, 856, 468 
Odostomia, 250, 488 ; parasitic, 78 
Oesophagus, 237 
(ma,484 

Oigopsidae, 890 
Oldhamina, 506, 508 
Oleaeim, habits, 55 
Oliva, 199, 855, 275, 485, 486 
Olwancillaria, 486 

(HiveUa, 260, 267, 486 ; 0. biplkaia as 
money, 97 
Olma, J08 
Omalaxit, 418 
Omalanyx, habitat, 28 
Ommadrejpha, 6 , 878, 890 
Ommatophores, 180, 187 
Oiitphaloiroput 806, 8(M}, 816, 324, 827, 
888, W 
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OnchidUli^t, J^S 

Onohidiidfte, 245 ; radula, 234 ; aims, 
241 

On^idicpaiaj 

OnchidmUf 4^ i breathing, 163 ; eyea, 

187 

Ow^idortSf radiila, 230 
Oniscia, 4^ 

Onobat 4^^ 

Onychia, 390 

Onychcimthic^ 390 ; club, 386 
Oocorya, 

Qopdta, 329, 440 
OtNwa, k&3 
Operculum, 267 f. 

(j^idioceraa, 247, 396 
Ophileta, 4^3 
Opia, 451 

O^istbobraiichiata, 4 ^ ; defined, 9 ; 
warning, etc., colours, 71 f. ; generative 
organs, 144 ; breathing organs, 168 ; 
organs of touch, 178 ; parapodia, 199 ; 
nervous system, 203 ; r^ula, 229 
Opiathoporus, 366, 300, 314-316, 414 
Opiathoatofma, 248, 809, 41^ 

Oppeiia, 399 
Oibicula, 464 
Orbiculoidea, 604% 510 
Orders of Mollunca, 6-7 
Organs of sense, 177 
Origin of land Mollnsca, 11 f. 
Omithochiton, 4 OS 
Orphnua, 366, 44^ 

Orpidla, 440 

Orihalicna, 342-358, 356, 44^ \ habits, 
27 ; variation, 87 ; jaw, 311 ; radula, 
233, 384 

Orthis, 605 \ stratigraphical distribution, 
506, 607, 611 
Ortfwceraa, 894, 394 
OHhmjota, 467 

Orthathaiea, 505 ; stratigraphical distribu- 
tion, 607, 608 
Orygooeraa, 247 
Ospliradium, 194 f. 

Oatodea, 327 
Osffaco^Aeres, 62 

OatrW; 262, 268, 446, 44^ * intestine, 241 

Otina, 18, 469 

Otoconcha, 326, 440 

Otocysts, 196 f., 197 

Otopleura, 462 

Otopmna, 331, 338, 414 

OtoaUmm, 363, 446 

Ovary, 136 

Ovoviriparoits genera, 123 

Omda, 4^9 ; protective coloration, 70, 76 ; 

radola, 80, 224 ; used as money, 97 
Ovum, development of fertilised, 130 
OxychoHO, 368 
Oacyyyrua^ 432 ; focrt, 200 
432 \ radula, 230 


Oyster-catchers, shells used by, 102 
Oyster, cultivation, 104-109 ; living out 
of water, 110 ; enemies, 110 f.; repro- 
duction, 112 f. ; growth, 114 ; cookery, 
114; poisonous oysters, 114: vision. 
190 

PA€Hm)DU8, 829-835, 441, 446 
Ptudiyhathrm, 425 
Pachychilua, 354 

Paehydcama craaacUdloidea, money made 
from, 97 

Pachydomidae, 461 
Pachydroim, 307, 

Pachylabra, 41^ 

PachyUua, 334, 886, 855, 368, 44 I 

Pachyp<ma, 409 

Pachyaiyla, 337 , 440 

Pachytypua, 461 

PadoUu8,407 

PalaearcUc region, 284 f. 

Palaeoneilo, 447 
Palaeoaoleny 467 
Pcdaina, 327, 4 I 6 
Patio, 464 

Pallial line and sinns, 270 
Pallifera, 340, 440 
Paliiobranchiata, 464 

Paludina, 4^0 ; penis, 186 ; eye, 181 ; 
vision, 184 ; P. vivipara, 24 — see also 
Vivipara 

Paludmnus, 832, 336, 838, 417 
Panama, Mollnsca of, 3 
Pmida, 322, 825, 336 
Pandora, 458 
Papuans, use of shells, 99 
Papuina, 309, 319-324, 441 
Paramelania, 332 
Paraanetiia, 404 

Parasitic worms, 60 f. ; Mollusca, 74 f. 
Paraatarte, 461 
Parkinaonia, 895 

Pannacdla, 245, 291, 294 f., 438 11., 440 ; 

radula, 232 ; shell, 176 
Pannacochlea, 322, 826, 440 
Panmrwn, 309, 440 
ParmaUa, 826, 440 
Panmphvrua, 4 O 8 
Parihena, 349-362, 850, 441 
Parts of univalve shell, 262 ; bivalve, 269 
PattvJta, 319-827, 886 , 442 \ radula, 233 
Pwryphanta, 321, 826, 440 
Paryphoatoma, 4^6 
Paaaamaidla, 332 

PfUeUa, 4 O 6 , 464 ; as food, 66 f. ; eye, 
189 ; railula, 814, 215, 887 ; crop, 288; 
arms, 241 ; kidneys, 242 ; shell, 262 ; •P- 
valgaUt, veliger, 189 ; breathing organs, 
etc., 166, 157 

Patellifonu shell in varioas genera. 19 
PaUt%uii, 609, 610, 611 
Patiuella, radula, ^7 
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^atuh, W, M*. 441 

JPttxiUui^ 41 s 
PMxi ojMbsnt )00 

JPtetm, 446, 460, 4S0 ; oigam of touch, 
178 ; oceUi, lH ; flight, 102 ; nervous 
system, fl06 ; genital orifice, 242 ; liga- 
ment, 271 

PeeiinodotUaf 406 ; radula, 227 
PieiunculuM, 44S 

Pedietdaria, 75, 419 ; radula, 224 
PetUnogyra, 819, 822, 44^ 

Pedtfiea, 18, 199, 488, 469 
Pedum, 460 
Pelagic Mollusca, 360 
Peleeypoda, 7, 446 ; development, 145 ; 
generative organs, 145 ; branchiae, 186- 
189 ; oigaus of touch, 178 ; eyes, 189 f.; 
fbot, 201 ; nervous system, 205 
PeOa, 833 
PeUieiOa, 852, 446 
Pdtoeeras, S99 
Peuiadaetglue, 466 
Peradia, 466 
PereiraecL, 416 
Pendens, 328-380, 446 
Periodicity in breeding, 129 
Periophlhalmus, 187 
Periostracum, 275 
PerifUma, 459 
PeriaphincUs, 399 
Perisaodonta, 416 
Periaaolax, 464 
Perialernia, 464 
Pema, 440 \ ligament, 271 
Pemoairea, 440 
Peronaeua, 858, 446 
Percnia, 443 
Pemeria, 819, 446 
Penrinia, 406 
Peraieula, 466 
Persona ( = Diatortio), 460 
Pdenia, 858, 440 
Peteraia, 460 
Pdraeua, 295, 881, 446 
PeMeola, 464 
Phaeellopleura, 403 
Phanerophthalmua, 460 
Phaneta, 408 
Phania, 312, 441 
PhareSLa, 467 
Pharua, 467 
Pharynx, 210 
PhaaiaTtella, 409 
Phaaia, 383 

Phenomena of distribution, 362 
Pkilme, 245, 488, 430 ; protective colora- 
tion, 73 ; radula, 229, 280 
PMUmyeua, 245, 818, 440 
Pkilmexia, 188 
Philopotamia, 804, 411 
Phoenieobma, 815, 441 
Fholadacea, 467 


Phdadidea, 467 
PhoUtdomya, 469 

Phdaa, 245, 274, 447, 467 \ in fresh 
water, 15 
Phoa,464 

Pho^tnufa, 406 

Phragmoj^ora, 388 

PhyUtdia, 434 ; breathing organs, 159 

PhgOirrhm, 360, 428, 463 

PkyUdiranehua, 466 

Phylloeeraa, 898, 698; suture, 898 

PkyUoteuthia, 3^ 

Pkyaa, 469 ; aestivating out oi water, 27 ; 
spinning threads, 29; sudden appear- 
ance, 46 ; osphradium, 195 ; nervous 
system, 208 ; radula, 888 ; P, Aj£p- 
norum, 28, 27 
PUeolua, 410 
PUeopaia, 76 
PHoeeraa, 394 
Pinaxta, 463 
Pxnerui, 4 4 6 
Pinna, 440 ; shell, 254 
PinnoGtopua, 38$ 

Piwnotherea, 62 
Pinoeeraa, 39S 
Pircna, 417 
PweneUa, 418 
Piropaia, 464 
Pirila — see Pynda 
Piaania, 464 

Piaidium, 463 ; smell, 195 ; ova, 146 ; 

P. pwdUum, distribution, 282 
Piiya, 827 
Plac^anekua, 466 

PUusoHylua, 822, 888-825, 859, 446; 
radula, 283 

Placuna, 448 ; P. placenta used for 
windows, 101 
PUuunanomia, 448 
Placunopaia, 448 
Plagioptycka, 847-351, 441 
Plagioptychus, 468 
PlwMucia, 417 

Planiapiau, 811, 812, 319, 441 
Planodna, 27, 247, 439 ; inonstroaity, 98 ; 

eye, 181 ; P. albua, distribution, 282 
Plalyeeraa, 76, 416 
Platydoria, 464 
Flatypoda, 411 
Plaiyachiama, 416 
Plaxiphora, 406 
Plecoehilua, 446 
PleoUrema, 639 
PlectamiKmUea, 605 
Plectomya, 469 

Plectcpylia, 808, 805. 814, 816 ; aperture, 

88 

Plectoatylua. 858, 446 

Pleotot^, 305, m, 310, 311, 814-818, 

ui 

Pleetrtj^tcruii, 298 
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t^MoMarte^ 4Sl 
Pf^hiriton^ 4M 

Plsurti^’anchfieff^ 4Si ; jaws, 812 
Plmtdbranchoidmt J^l 
l*k>u^Qtyramhu8f 245, 488 , 4SI ; waroiug 
coloration, 73 ; jawi, 818 ; radula, 230 
Plmroomif 340, 417 
I^tuoceridttf;, origin, 17 
PleuTodonta^ 348 ; aperture, 88 
PUwrolmra^ JfSS 
Phwromya^ 468 
Pleni/ropkoTus^ 461 

Plmro]^yUidiay 488 ; breathing organs, 
150 ; radula, 230 
PleitropyrffuSf S67 

Pleurotoinaf 488 , 486 ; slit, 888 , 265 
Pleurotomaria^ 888 , 378, 376, 487 , 467 ; 
prices given for recent, 122 ; slit, 156 ; 
radula, 226 
Plicatukty 480 

Pliny the elder, on use of snails, 118, 120 
Plocamopherua^ 484 
Ploohelcteot 486 
Pluimiiat 298, 440 
Ptum)UHlernuit 158, 487, 488 
PoecUozonitea, 352, 44 O 
Poisonous bite of Conus, 65 ; poisonous 
oysters, 114 ; mussels, 117 
Polycera, 484 ; radula, 230 
Polycerdla, 484 
Pdyconites, 466 
Polydinites, 846-851, 847 , 44 I 
Poiygoiia, 484 

Pdygyra, 840 , 345-353, 441 ; aperture, 83 

Polygyratia, 848 , 263, 357, 448 

Polymita, 846*861, 847 , 441 

Polyplacophora, 9, 4 OI f. ; radula, 228 

Polytre^mria, 888 , 407 

Poniatm, 285, 298 , 295 , 441 

Pomatias, 288, 289, 292 f., 302, 4 I 8 

Ponuiiiopsts, 415 

Pmmulax, 409 

Pompholyx, 250, 341, 489 

Ponsonbya, 832 

Poromya, 469 ; branchiae, 168 

Porphyrobaphe, 27, 856, 448 

Position of Mollusca in Animal Kingdom, 4 

Potamuies, 18 , 416 

Poiamomyit, 15 

Potavupyrgus, 826, 326, 4^6 

Poterioceratidae, S94 

Pmtfcardiunt^ 469 

Prasim, 440 

Prices given for rare shells, 121 
Primitive mollusc, form of, 245 ; types 
of, 7 

Prwognsfer, 409 

841, 440 

Protmciddla, 497, 6 O 4 
Protliictulae, 497, 500, 604% i>08 
l*^'odutlH9, 492, 501, 80^ 6 O 4 \ strati- 
graphic^ distribution, 508 

vou m 


PromuMifiitihis, $89 

Protisotnbma, 404 1 breathing organs, 154 ; 

nervous system, 208 ; mdula, 229 
Proph^fsmn, 341, 441 ; habits, 44 
IH'opU'UHum, 4 O 6 
Prossrpifia, 81, 365, 4 IO 
Pttmrpmella, 354, 41 O 
Proserpinidae, relationships, 21 
Prosobrauchiata, 9, 404 f. ; breathing 
oigans, 154 
Prosocoelns, 461 

Protective coloration, 69 f. ; in snails, 70 ; 
in Nudibranchs, 71 f. ; in other Mol- 
luscB, 74 
Protegidum, 509 

Protobrauchiata, 447 ; branchiae, 188 
ProUma, 417 
Protremata, 511 
Pnroocator, 376, 426 
Psaminobia, 466 
Pseudachatina, 328-330, 448 
Pseudedw-ondia, 468 
Pseudobalea, 860 
Pseudo-deltidium, 498, 511 
Paendodm, 295, 307, 468 
Pseudolamellibranchiata, 167, 449 
Paetidoliva, 484 
Pamdmydknia, 417 
Paeudomilax, 296, 440 
Pmidmnurex, 488 
Paeudopartnla, 323 
Pae^idoaubidiiia, 440 
Pten^lossa, 224, 4 II 
Ptemwm, 440 
Pteroceras, 256, 262, 4 I 8 
Pieroctopua, 384 

PterocycUis, 888, 267, 300, 316, 414\ 
tube, 157 
Pterodonta, 4 I 8 

Pteropoda, 7, 484 •' breathing organs, 158 ; 

foot, 200 ; radula, 230 
Pterotmchaea, 481; foot, 200; radula, 227 
Ptychatractm, 484 
Ptychoceraa, 399 
Piydiodmna, 468 
Pugilim, 484 

Pulmonata, 10, 2% 151, 186, 488 ; origin, 
17, 19 ; breathing organs, 160 ; nervous 
system, 203 
Puiaeilum, 444 

Puiictuni, 4^1 
Puncturdla, 885, M)6 
Pupa, 289, 296, 325-857, 448 ; P. cinm^a, 
hybrid union, 129 
Pupidae, radula, 233 
PupHla, 448 
Pupillaca, 4^^ 

PupUut, 157, 266, 809, 318-327, 414 
pHpindln, 318, 4^4 

Purpura, 488 : ojierculnm, 389 ; erosion, 
276 : A cm'omtn, 367 \ lapiUua, fee<lh\g 
on Mytilua, 60 ; on oysters, 111 ; pro- 

2 M 
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teotive coloration, 6d ; variation, 90 ; 
egg^eap^nles, 224 ; tima of breeding, 
129 ; diatribntion, 363 n. 

Purpwmdeoy 4^$ 

PusimeUa^ 4^ 

Pygocardia, 451 
I^gop€, 497 
PyramiddUit 
Pyiainidellidae, 262 
PyrwcuSf 60, ^16 
P^ginay 330 
Pyrgvlay 415 

PyrockHuSy 441 
PyrolofusuSy 4^5 

Pyrvla ( = Pinda)y 419^ 420 ; spawn, 120 ; 

opercalutn, 209 
Pgdivmy 4^3 

QUXNSTJCDTIAy 450 
(puoyia, 260, ^7 

Bacriglossa, 220, 43 £ ; eggs, 124 
Jtachisy 829-336, 441, 44 £ 

RadioliteSy 455 

RadiuSy 419 
RadsUiy 408 

Badula, 213 f. ; of Littorinay 20 ; of 
OydophoruBy 21 ; of parasitic Mollnsca, 
70 

RaMtay 4^4 

Ranellay 256, ^0 

Range of distribution, 362 f. 

Rangia, 15, 4^3 
Ranutaria, J^O 
Rapay 4^3 
Rapanopy 433 
RaphauluSy 305, 309 
Rathouisiay 316, 440 
Rats devouring Molluscs, 57 
Rmliay 816, 327, 414 

ReduzUiy 411 

Rectum, 241 
Rjegisioimy 414 

Relationship of Molluscs to other groups, 5 
RmsiodlarUiy 512 

Reproductive activity of oyster, 112 ; 

S3rstem in Molluscs, 123, 134 f. 
RequUnuLy 269, 405, 4^5 
Respiration, 150 t 
RetssiOy 508 
Rtmilviy 331, 4‘^4 
Rtymond'my 332 
RhaMocefraSy 398 
Rkagaday 311, 324 
Rheneay 325, 44 O 
Rhinobolusy 504 
RftiosRnm, 247, 296. 309, 414 
Rhipidoglossa, 225, 405 
RJiizochilvXy 75, 433 
Rh^tdeoLy 356, J^l 
Rtiodinay 807, 310, 443 
RhynchoneUay 466. 470, 471, 472, 474, 


483 . 437 \ distribution, 487 ; fossil, 492, 
497, 499, 505 ; strati^aphical distribu- 
tion, 506, 507, 508, 511 
Bhynchonellidae, 4S7y 501, 505 \ strati- 
graphical distribution, 507, 508, 511 
Rhysotay 67, 310, 314, 316, 319, 440 
Rhytiday 819-326, 833, 359, 440 ; habits, 
54 ; radula, 282 
RiUyay 442 
Rirndtlay 4 IS 
RvnmLay 265, 405 
Ringicukty 430 ; radula, 230 

RisdUiy 413 

Riasotty 4P“> 

Riasoiticiy 415 

RobillardWy 77 
Rochebrunitty 331, 414 
Rock-boring snails, 49 
RothUty 349 
Rosauiy 389 

Rostellariay 418 
Rudistae, 455 
Ruminoy 260, 443 

RutLcmay 431 ; protective coloration, 73 

SABATJAy 430 

SactaceraSy 394 

Sagday 348-351, 44 I 

Sageeerasy 398 

Scdasielltiy 858, 440 

Salivary glands, 237 

Sandford, on strength of HellXy 45 

Sandwich islanders, use of shtdLs, 99 

SanguinoI<ariay 450 

Sareptay 447 

Sammtiemy 409 
Satsuina, 314, 316, 441 
Saxicavay 447, 457 

Saxidmms aratUy money made from, 97 
Scalarifty 247, 263, 4 II \ radula, 224 
Scalditty 453 
ScalenosUnnay 433 
Scaliolay 415 

ScaphandeTy 428, 429, 430 ; radula, 281 ; 

gizzard, 238 
ScaphiteSy 899, 390 

Scaphopoda, 444 \ defined, 6 ; breathing 
organs, 160; nervous system, 205 ; 
radula, 236 

Scaphiday 14, 305, 448 
Scarahusy 18, 278, 439, 439 
Scharif, E., on footl of slugs, 31 ; on pro- 
tective coloration in slugs, 70 
SchaaiefieUay 347, 351, 854, 4 IO 
Sohianwpey 286, 407 
SchizorMirnhy 187, 402, 4 O 8 

SchizwiuSy 448 

Schixogloamy 325, 440 

ScJiizoplaXy 40 s 
Schizoatimmy 418 
Schloenlmuiy 398 
SdnUlltty 175, 453 
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SMmtreUn^ 265, ; rndala, 22H 

SdmtchWiHf 40 s 

ScnM/ulariat 15, 164, ; siphons, 164 

SsvlptaTiaf 366 

JSkurria^ jjOS 

ScfiUdlus^ 666, J^2 

SctcteUastra^ 405 

SeutuSf 245, 406, 4 O 6 

Scyliaea, 4^8 ; jaivs, 212 ; stomach, 239 

Segmmtina, 320 

Selmites, 389, 341, 44 O 

Selenitidae, radula, 261 

Seleriockiamys, 296 

Self-fertilisation, 42-44 

Seinelef 4 OS 

Semicassis, 480 

Semper, K., ou habits of Limnam^ 34 ; of 
Hdicarim, 45, 67 ; on mimicry, 67 ; 
on parasitic EiOiim, 79 ; on develop- 
ment of Limuaea, 84, 94 ; on sexual 
turity in snails, 129; on Onc^iidiuni, 
18; 

Sepia, 381, 385-387, 38!) ; egg capsules, 
127 ; glands, 136; jaws, 214; radula, 
236 ; alimentary canal, 238 ; ink-sac, 
241 ; hectocotylus, 889 
SepmUtriwuri, 389 
Sepiella, 389 

Sepiola, 389 ; glands, 136 ; radula, 236 
Sepioloidea, 389 
Sepiophora, 388 

Sepioteuthis, 390 ; hectocotylus, 139 
Septaria, 837, 338, 4J0 
Septibrauchiata, 145, 167,4^.9; branchiae, 

166 

Septifer, 274, 4^ 

Sctjmnzia, 480 
Sergius Oruto, 104 
Serrifmm, 4^4 
Sesara, 305, 440 
Sex, diflfereiices of, 133 
Shell, 244 f. ; intenial, 174 ; shape of 
bivalve, 445 

Shell-gland, primitive, 132 
Shells as money, 96 f. ; as ornament, etc., 
98 f. ; various uses of, 98 f. ; prices given 
for rare, 121 ; sinistral, 249 
Shares N. Asia, no littoral fauuai 2 
Showers of shells, 47 
Sigaretus, 186, 246, 267, 4tl ; foot, 198 
Sight, 180 

Silenia, 459 ; branchiae, 168 
Siliaf 485 
Siliqua, 274, 407 
Siliquaria, 248, 4^0 
Simnia, 419 

Simpidepsis, 845, 350, 448 
Simpulum, 480 

Simroth, on recent forms of Helix, 22 ; 
on food of slugs, 81 ; on crawling of 
Helix, 46 

Singular habitat, 48 


Sinistral shells, 249 
Sinigtaralia^ 434 
Smnsigeta, 183 
SiphOf 434 
i^hotuUia, 434 

S^hanaria, 18, 431 ; cUssiheation, 19 ; 

breathing organs, 161, 162 
Siphonarioidea, 4 SI 
Siphonodee/Ualium, 444 
Siphonostomata, 156 

Siplumotreta, 493, 496, 6 O 4 ; stratigraphi- 
cal distribution, 507, 508 
Siphons, 176 ; in burrowing genera, 166 ; 
branchial, 155 

Sistrum, 75, 433; radula of S. spectrum, 

79, 222 

SitakL, 801, 304, 310, 314-319, 333, 44 O 
Skargard, MoUusca of the, 13 
Skeftim, 4 IO 
Skewidium, 505, 508 
Slit, in Gasteropoda, 265, 406 
Slugs, habits and food of, 30 f. ; bite 
hand of captor, 38 ; in bee-hives, 36 ; 
in greenhouses, 36 ; protective colora- 
tion, 70 ; eaten in England, 120 
Snmragdia, 21 
Snmragdinella, 430 
Smell, sense of, 192 

Smith, W. Anderson, quoted, 98, 111, 
114, 191 

Snails as barometers, 50 ; plants fertilised 
by, 102; cultivation for food, 118 f. ; 
used for cream, 119 ; as medicine, 120 ; 
banned by the Church, 121 
Solariella, 4 O 8 ; radula, 225 
Sdarium, 264 , 4^8, 418 ; radula, 224 
Solaropsis, 343, 353-357, 448 
Solecurtus, 166 , 407 

Solen, 171, 446, 457 ; vision, 190 ; habits, 46 

Solenaia, 458 

Solenomya, 275, 440 

Sohnotellina, 4 OO 

Solomon islanders, use of shells, 98 

Sowatogyms, 4 IO 

Sophina, 305 

Spallanzani, experiments on Helix, 163 
Spat, fall of, 113 
Spatha, 294, 331, 836, 4 O 8 
Spekia, 883 

Spermatophore, in Cephalopoda, 137 ; in 
Helix, 142 

Spermatozoa, forms of, 136 
Sphaerium, 403 
Sphenia, 456 
Sphmodisem, 398 
Sphyradium, 448 
Spines, use of, 64 
Spiraculum, 266, 4^4^ 

^iraxis, 4 J 48 
Spirialis, 249 

Spirifera, 468, 601 , 505 ; stratigraphical 
distribution, 507, 608* 511, 612 
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Bplriferldae, 501, 508 

Btratigiaphical distribution 

507, 508 

Spirobratichuita, 404 
^roiropMf ; fadula, 218, 219 
247, 886, 888 

l^piruliri>stra^ 880, 886, 388 
Spondylium, 500 

Sjpond^us, 257, 446 , 400 , 4^50; ocelli, 
191 ; genital oilfioe, 242 
i^l>ongiobrttw^iaeaf 437 
SpongiochUcnf 403 
Bparmt, 453 
Starfish eat oysters, 110 
Steams, R. £. C., on tenacity of life, 88 
SUgod^f 806 

Stenoehitma, 605 ; stratigraphical distri- 
bution, 507, 508 

StmogyrUf 824, 443 ; S, dtoAUtta^ 279 ; 
food, 84 ; smell, 194 ; GoodaUii^ 279 ; 
octona^ sudden appearance, 47 
Stenogyridae, radula, 234 
SUnopua, 440 ; habits, 45 
Stenothyra^ 416 
StenotiSf J^6 

Stenotreimf 840, 441 
SiephanocerdSt 399 
SUpsanoddy 358 
Staifer, 76, 77. 79, 433 
StUiferina, 76, 433 
StUiger^ Jfi3 
StUma^ 76 

Stoastoma, 348-351, 410 
StoloteuthiSf 389 
Stomach, 239 
SUmaUUa, 408 
Stoftmtia^ 408 
Stomatodnn, 302, 417 
^rebdia, 858, 440 
Strength of Helix^ 45 
Strephobasist 417 
Sirepaidura, 434 
Streptaulua, 414 

Streptaxia, 802 , 306, 309, 814-831, 343, 
857-359, 440; variation, 87 
Streptoneura, 203, 404 
Streptoaiphon^ 434 
StreptoateUj 829, 338, 440 
Streptosiyla^ 843-355, 853 , 440 
Stfichlandia^ 505 ; stratigraphical distri- 
bution, 507, 508 
StrigaUlia^ 435 
Stringocephalidae, 506, 508 
fUringocephaluta, 492, 497, 498 , 500, 501, 
506 ; stratigraphical distribution, 507, 
508 

StrobUa, 840, 345-858 
StTobilopa, 443 

Strom bidae, habits, 64 ; penis, 130 
f^TomhinuL, 433 

Strfmhm, 69 200 , 252, 413; ndinickiug 
(J{piua, 69 ; oiierculuiii, 78 , 289 ; i^earls 


from, 101 ; metapodiuni, 199 ; stomaidi, 
239 

Slf'opkdloaiay 504 ; stratigraphical distri- 
butioB, 607, 508 
Siropheodonta, 497, 505, 508 
J^rophm, 843*355, 443 ; ftam, 278 
S^ropkoehilua, 358, 441 
Strophomena, 499, 505 ; stratigraphical 
distribution, 507, 508 
Strophomenidae, 500, 505, 508 
Strophoatoma, 248, 414 
Strnciure of shell, 252 
StruthioUtria, 99, 413 ; radula, 216 
Styliola, 437 
Stylodonla, 389, 441 

Stylommatophora, 11, 181,4^9 ; origin, 19 

Subemarginula, 4 O 6 

Submytilacea, 451 

SubuUiria, 433 

Subulina, 332, 352, 443 

SiuhtdiUa, 430 

Sttccinea, 325, 327, 358, 443 ; juw, 211 , 
S. ptUria, paiaslte of, 61 
Succineidae, 443 ; radula, 234 
Sudden appearance of Mollusca, 46 
Sueaaia, stratigraphical distribution, 507 
Sulphuric acid, 237 
SurctUa, 436 
Bycatypua, 434 
Synaptocochlm, 4 O 8 
Syndoamya, 453 
Syringotbyina, 500, 508 
Symola, 433 
Syrnclopaia, 382, 883 
Syatropkia, 356, 357 

TAOHSA, 441 
Toenioglossa, 223, 4 II 
Tdheitia, 414 
TaJUma, 467 
Tandlia, 304, 417 
Tancredia, 453 
Tanganyicia, 332 , 415 
Tanganyika, L., fauna of, 12 
Tanyaiphon, 454 
Taxmiua, 391 , 391 
Tapea, 454 
Taste, 179 

Tdiennophorua, 143, 840, 440 
Teciariua, 413 
Tectibranchiata, 10, 430 
Tectu/ra, 305, 405 
Tactua, 4 O 8 

Teeth in aperture of the sliell, 63 
Temoatowd, 247, 4^ 

Teinotia, 407 
TeUacapium, 252, 413 
TeUiim, 446, 468, 453 ; T. halthica, varia- 
tion, 84 
Tellinacea, 453 
Telotremata, 511 
Tenacity of life, 87 
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Temson-Wooiis, ou r«d blood, 171; ou 
shelbeyes, 189 

Teuneut, Sir J. £., on mnsiesl soundt 
produced by Blollusca, 50 
Tmunlia^ 304, 314, 338, ^ 
ferAeUumt 4iS ; jumping powers, 64 
2Mm, M, 263, 436, 4^6 ; radula, 219 
Ter^teUa, 468, 4S7\ distribution, 486 ; 
fossil, SOB; strati^apbicBl distribu- 
tion, 508 

Tmbratvla, 467, 468, 487 ; size, 484 ; 
distribution, 485, 486 ; fossil, 492, 499, 
SOS ; stratf^aphical distribution, 506, 
507, 508 

Terebratulidae, 487; fossil, 500, 505^ SOS ; 

stratigrapbical distribution, ^7, 508 
Terebratulina^ 466, 479, 487 ; larva, 
482 ; distribution, 486 ; fossil, SOS : 
stratigrapbical distribution, 508 ; form 
of shell, 510 
Teredmif 457 

Teredo, 262, 457, 458 ; nervous system, 
306 ; intestine, 241 
Tergipes, 488 
Terquemia, 450 

TeMacdla, 22, 02 , 440 ; habits, etc., 49, 
51 f. ; pulmonary orifice, 160 ; eyes, 
186 ; radula, 231 ; anus, 241 
Testicardines, 466, 487 ; muscles, 476 ; 
fossil, 497, 504; external characters, 
497 ; internal characters, 499 ; attach- 
ment of muscles, 501 ; stratigrapbical 
distribution, 508 
Testis, 135 
Tethyidse, 216 
Tethys, 488 
Tetrabrauchiata, S91 f. 

Thala, 485 
Thalasm, 319 
TfuUotia, 408 
Thapsia, 329 
Thautmsia, 849 , 448 
Thawnmtus, 356, U8 
Thecacera, 434 ; radula, 229 
Thecidiidae, 487 ; fossil, 601, SOS, 508 
Thecidiuw-, 476, 479, 430, 483, 487; fossil, 
SOS, 508 

Thecosomata, 435 
Thelidmm, 846-351, 350, 44t 
Tlieom, 453 
TJierasia, 441 

Thrsitee (Helichlae), 322, 325 
Thrmtes (Fosciolariidae), 484 
Thetin, 454 
ThnicUf, 245, 450 
Tliread-spinniii)?, 29 
ThrUkvJm, 488 
Tlufiia, 76, 79 
Thyrophw'dh, 33(i, 440 
TftyMttoMhia, 300 
fidU’mHHW, veliger, 132 
TipIMt, 332, 333, 417 


Titicaca, L., MoUusca of, 25 
Todomki, 300 
fomchia, 414 

Tomigerus, 334, 856, 358, 443 
fmceyclue, 854 
Tometele, 330, 440 
TomeUa, 403 
Tmida, 403 ; eyes, 188 
Tmllia, 411 

TmTUa, 418; radula, 224; operculum, 

269 

Tomatellina, 278. 319, 323-827. 338,358, 

448 

Twmtim, 250, 480 
forguUla, 448 
Toucaeia, 4S5 
Touch, sense of, 177 
Toxoglossa, 21^ 486 
Traehia, 314 
TracJhycerae, 897 
Tfochydtirmon, 4 OS 
Tmhyleiutkie, 889 
Tfcdia, 489 
Tmiuiowda, 419 

TremcUis, 492, 493, 6 O 4 ; stratigrapbical 
distribution, 507, 508 
Trematonotus, 407 

Tremociopus, 384 ; radula, 236 ; liecto- 
cotyliis, 137 
Trmlyam, 434 
Trickia, 316 
Tnchotropis, 275, 4 II 
TriciUa, 302 
Tridoxm, 278 , 455 
TnforU, 418 ; radula, 224 
Trigonellites, 397 

Trigonuh 254, 269, 448 \ jumping 
powers, 66 ; distribution, 370 
Trigonoehlamys, 296, 440 
Trigonoetoim, 486 
Trinierella, 496 , 504, 508, 611 
TrimerelUdae, 493, 494, 496, SO 4 ; strati- 
graphical distribution, 507, 508 
Trimcria, 448 
Triodopsis, 340, 4U 
Triopa, 434 
Triopdla, 434 
Triopha, 484 
TrUaxeopus, 385 

TriJbn, 256, 276 , 480 ; jaws, 212 
TrUmia, 433 ; protective coloration, 71 
TriUmul(4i, 484 
Trivia, 419 

Trochidoe, egg-capsules, 125 
Trodivicttfi, 4O8 
Trocfuta, 248, 418 
TfoeJtixrms, 395 
TmhMes, 39S 

Tiwlummp/ui, 306, 321, 324, 327, 333, 

441 

TriH'JmmiHa, 331, 441^ 

Ti’ouhosphere, 5, 130 
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Tro^ttmai 266, 4^7 
frcK^ttB^ 263, 408*, eye, 182; stomach, 
239 

Trophon, 4^8 

Tropical heach, MoUitsca of a, 3 
Tropidophom, 414 
TrqpiteA, S97 
Trosi^ia, 4^4 
Truncaria, 4^3 
Truncatella, 260, 414 
Tryblidium, 405 
TrypanostomoL, 340 

Trypho of Lampsacus, prayer against snails, 
121 

Tubed operculates, 157, 266, 300, 307, 
309 

Tudicla, 4^4 

Tudwa, 291, 849, 851, 4U 

Tugonia, 458 

TvioUmia, 340, 418 

Turhinella, 100, 262, 264 , 424 , 4^4 

Turbo, 409 ; eye, 162 ; osphradium, 195 ; 

operculum, 268 
Turbmilla, 250, 332, 4^3 
Turcica, 4 O 8 

Turricula, 4^5 ; radula, 221 

TurrUites, 899 , S99 

Twrritdla, 252, 417 \ radula, 215, 224 

Tyleria, 459 

Tylodma, 451 

Tykpoma, 4 I 8 

Tympanotonus, 4 I 8 

Tyndaria, 44*1 

Typhia, 453 

UltbA’DEXTRal shells, 250 
Umbonella, 409 
Vtnbonium, 409 

Umbrella, 10, 451 ; radula, 217, 230 
Unciies, 505 ; stratigraphical distribution, 
507, 508 

Underground snails, 48 
Ungvlina, 453 
Vnicardium, 453 

Unio, 453 ; shell, 254 , 259, 273 , 341 ; 

variation, 92 
Union of Lirmx, 128 
Unionidae, origin of, 15 ; eaten by rats, 
57 ; larvae, 146 
Urocyclus, 881 , 440 
Urosalpinx, 433 
Utriculua, 450 
UvanUla, 409 

VAGiyuLA, 245, 319, 343, 362, 445 
Voginnlidae, radula, 234 ; aims, 241 
Vtdlciia, 

Yidlomin, 441 

VuleaUt, 133, 418 ; bruiichia, 169 
Valves of Chih^iiiidoe, 401 f. 

VnttganeUa, 4^4 
Variation, 82 f. 


VariceUa, 346, S48 
VeltUta, 260, 4 IO 
Vdifera, 853, 44 O 

Veliger s1»ge, 181 ; mistaken for 2>erfoet 
form, 133 
Vel&nla, 302, 455 
Velum, 131 

Vdutina, 275, 4 II 1 radula, 223 

Veueracea, 454 

VenericardUi, 451 

Venerupia, 454 

Venidla, 451 

Venilicardia, 451 

VenuSy 270 , 271 , 446, 454 ’» yiercauiria^ 
97, 874 
Verania, 391 

Vermetus, 247, 4 I 8 ; radula, 228 
Vero7iicelln, 445 
Verticordia, 458 

Vertigo, 327, 443 \ U. arctica, 287 
Vextlla., 433 
Vibex, 417 
Vitrella, 289 

Vitrina, 22, 296 f., 332, 440 ; hardy 
habits, 24 ; jumping powers, 65 ; shell, 
175 ; radula, 217 
Vit/'inella, 4 O 8 
VUrmiconua, 814, 440 
Vitrinoidea, 314, 440 
VitrinozonUea, 340, 440 
VituUtria, 433 
Vivipara, 324, 343, 4 I 8 
Volni” < water, eifect in producing 
V I i.'i (Oil, 94 

Vduta, 267, 425 , 435 ; spawn, 126 ; radula, 
217, 221 ; distribution, 370 ; prices 
given for rare, 122 
Voluiaxla, 348 
Vdutharjm, 267, 434 
Volutolithes, 435 
Volutolyria, 435 ; radula, 222 
VoluUmitra, 435 ; radula, 221 
Volutopaia, 433 
Volvaria, 439 
Volvatdla, 430 
VdvyZa, 430 
Vvladla, 75, 446 , 440 

Waldheimia, 464, 467, 468, 473, 474, 
487 ; size, 484 ; distribution, 486 ; fossil, 
500 , 501, 502, 508, 508 
IValton and mussel cultivation, 115 
Wampum, 97 
Warner, R., quoted, 37 
Warning coloration, 71 f. 

West Coast, Soutli America, melanism of 
shells occurring on, 85 
Wludks, use of, 118 
Whii'Mya, 434 

Wliitstable, oyster-parks nt, 106, 112 
Willem, V., on vision of Molliisca, 185 
Wollusioii, T. V., quoted, 32 
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Wood, Rev, J. G., on starfish eatiug 
oysters, lU 
IKoorfifl, m 

Woodward, S, P., on tenacity of life, 38 ; 
Dr., on the same, 38 

Wotton, F. W., on egg-laying of Amn^ 42 
Wright, Bryce, on tenacity of life, 88 

XssropmRA, ; habits, H 
Xenopowdi 346, 351 
Xmphila, 285, 296, 441 
Xesta, 310, 319, 321, 440 \ mimicry by, 
66 f. 

Xylophagat 451 


r»ri!;s, 4 !^ 

roldiu, 44^ i genital orifice, 242 

XA0JtAS/CA, 297 

285, 296, ^ 

Zeidmt, 406 

Z^ionUf 
ZiUdia, 4^0 
Zones of depth, 361 

ZmiUSf 275, J^O ; food, 38 ; radnla, 232 ; 

distribution, 294, 296, 340 
Zospmm^ 187, 44^ 

Zygobranoliati^ 154, 406 
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